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The Office of Research and Development’s (ORD) multi-year plans (MYPs) present ORD’s
proposed research (assuming constant funding) in a variety of areas over the next 5-8 years. The
MYPs serve three principal purposes: to describe where our research programs are going, to
present the significant outputs of the research, and to communicate our research plans within
ORD and with others. Multi-year planning permits ORD to consider the strategic directions of
the Agency and how research can evolve to best contribute to the Agency’s mission of protecting
human health and the environment.

MYPs are considered to be “living documents.” ORD intends to update the MYPs on a regular
basis to reflect the current state of the science, resource availability, and Agency priorities. ORD
will update or modify future performance information contained within this planning document
as needed. These documents will also be submitted for external peer review.
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I.INTRODUCTION

It has been suggested that humans and domestic and wildlife species have suffered adverse hedlth
conseguences resulting from exposure to chemicds in the environment that interact with the endocrine
sysem. However, consderable uncertainty exists regarding the relationship(s) between adverse hedlth
outcomes and exposure to environmenta contaminants.  Collectively, chemicals with the potentid to
interferewiththe function of endocrine systems are caled endocrine disrupting chemicals (EDCs). EDCs
have been defined as exogenous agentsthat interfere with the production, release, transport, metabolism,
binding, action, or dimination of the naturad hormones in the body responsible for the maintenance of
homeogtasis and the regulation of developmenta processes.

To date, these problems have primarily been identified in wildlife species with relatively high
exposuresto specific compounds, including organochlorines such as DDT and its metabolites, PCBsand
dioxins, or indomestic animas foraging on plantswith high levels of phytoestrogens (Kavlock et d., 1996).
Effects noted in wildlife that have a documented or presumed reaionship to atered endocrine function
incdudeimposex inmolluscs exposed to the dkyltins, vitdlogenininductioninfishliving near sewage outfdls
(recently linked to concentrations of ethynyl estradiol), changesinsexsteroidsinfishnear kraft-mill outfals,
abnorma reproductive development in dligators in Lake Apopka following a pesticide saill, nearly
complete mortdity of Lake Ontario lake trout in the sac-fry stage presumably resulting from exposure to
dioxin-like compounds, eggshell thinning in birds from exposure to DDT and its metabolites, and birth
defects in Lake Michigan cormorants exposed to PCBs and other Ah-receptor ligands. Also, a variety
of adverse effects onreproductive devel opment have been observed inlaboratory rodents exposed to very
low levels of dioxin.

In humans, the consequences of prenatal exposure to DES on the reproductive tract of both
femades and mdes are wdl known and developmenta neurologica problems have been identified in
children exposed to PCBs and/or PCDFs. In addition, reports of declines in the qudity and quantity of
sperm production in humans over the last four decades, and increases in certain cancers tha may have
an endocrine-related bass (breast, prostate, testicular) have led to speculation about environmental
etiologies.

While thereisalarge wedth of dataavailable onsome endocrine disruptors, muchmore research
is needed in order for the Agency to carry out itslarge number of mandates. For example, despite the
above mentioned effects, we know little about their causes and the concentrations of EDCs that would
induce effects at the population level . Nevertheess, it is known that the norma functions of dl organ
systems are regulated by endocrine factors. Small disturbances in endocrine function, especidly during
certain stages of the life cycle such as development, pregnancy and lactation, can lead to profound and
lagting effects.

Given EPA’s overdl mandate to protect both public-hedlth and the environment, it isin aunique
positionto provide leadership in thisarea. Individud scientistsacross EPA’ slaboratoriesand centershad

Page 4



ORD Multi-Year Plan for Endocrine Disruptors

been doing researchrel ated to endocrine disruptorsfor many years. Then, inresponseto increasing public
hedlth concerns in the early to mid-nineties, the Office of Researchand Deve opment decided to integrate
and expand its ongoing efforts into a consolidated endocrine disruptors research program. To initiate the
program, two workshopswerehdd in 1995 where the opinions of internationd experts were sought tohdp
formulate a nationa research plan for endocrine disrupting chemicas (Kavlock et a., 1996; Ankleyet d.,
1997).

Research on endocrine disruptorswas identified as one of the six high-priority topicsin the ORD
Strategic Plan (USEPA, 1996; USEPA, 1997, USEPA, 2000). Thiswas based upon recognition of: 1)
the potential scope of the problem, 2) the possibility of seriouseffectson the health of populations,
3) the persistence of some endocrine-disrupting agents in the environment, and 4) the widespread
global concern about the fate and transport over national borders.

ORD’s Research Plan for Endocrine Disruptors
(www.epa.gov/ORD/W ebPubsfinal/revendocrine.pdf), published in 1998, was developed from the
recommendations provided by the USEPA-sponsored workshops, the scientific judgement of the ORD
Research Planning Committee, and reviews and input from the chairpersons for the risk assessment
breakout groups of the Raleigh workshop, internd peer reviewers from across the Agency, the ORD
Science Council, and an externd peer review panel convened by the Agency’ s Risk Assessment Forum.
The framework for ORD’s EDCs research program is desgned around the risk assessment/risk
management paradigm.  The objectives of the EDCsresearch programareto improve our knowledge and
understanding of endocrine disruptors in the environment so that we can improve our methods of
assessment and risk management. This, inturn, will assist the Agency inidentifying the chemicas that pose
an unreasonable risk, developing ways to prevent or reduce their release into the environment, and
developing means to remediate in-place EDCsthat pose an unreasonable risk. Further, the research plan
specificaly addresses scientific questions that have arisen as a result of legidation enacted in 1996. The
Safe Drinking Water Act Amendments (SDWAA) and the Food Quadlity Protection Act (FQPA) mandate
the devel opment of a screening and testing programto evauate the potentia of chemicds found indrinking
water sources and food, respectively, to have estrogenic or other hormond activity. Thus, EPA’ sresearch
program strikes a balance between “problem-driven” and “core” research. It includes areas that are
uniquely of importance to EPA in helping the Agency mest its legidative mandates and includes research
areasthat serve to improve the basic understanding of EDCs, in generd.

The research described in this MY P assumes annua resources of approximately $11-12 million.
It should be noted that throughout the document ORD describes research that it is conducting either on
EDCs, in generd, or on specific chemicas or classes of chemicds. It should not be construed that just
because ORD is studying specific chemicas or classes of chemicasthat this means that the Agency has
determined that these chemicds or classes are officialy designated as “endocrine disruptors.” Those
determinations will be made by the Agency through the implementation of the Endocrine Disruptors
Screening Program.
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ORD’s research on endocrine disruptors falls under EPA’s Goa 4 Objective 4 Subobjective 4.1: Goal 4,Healthy
Communities and Ecosystems, commits the Agency to protect, sustain, or restore the health of people, communitieg,
and ecosystems using integrated and comprehensive approaches and partnerships. Objective 4: Through 2010,
provide and apply a sound scientific foundation to EPA’s goal of healthy people, communities, and ecosystems by
conducting leading-edge research and developing a better understanding and characterization of environmenta
outcomes under Goal 4. Subobjective 4.1.  Through 2012, conduct research that contributes to the overall health of
humans, their communities, and ecosystems. Research will provide a foundation for protecting, sustaining, or restoring
human and ecological health. Research will focus on pesticides and toxics, globa climate change, cross-cutting research
on the health of humans, their communities, and ecosystems.

II. BACKGROUND
Agency’sprioritiesand regulatory programs

The authoritiesand respongbilitiesof EPA are mandated primarily by thirteenmagjor environmental
satutes (CRS Report to Congress, 1995). These datutes direct EPA to perform a wide variety of
activities with the goa of protecting human hedlth and the envirorment. Chemicals that are known or
suspected of being endocrine disruptors are included in these mandated activities. In order to meet the
needs of its mandates, EPA needs the tools to be dble to: 1) identify EDCs, 2) evaduate their potentia
effects on human hedth and the environment, 3) discernwhenadditiona data are needed, 4) develop the
appropriate protocols, should additional data be required, 5) set alowable levels of exposure or releases
to the environment that are protective of human hedth and the environment, 6) develop technological
controls to prevent/reduce releases, in the first place, and 7) remediate the risks associated with in-place
EDCs. The Research Plan and thisMY P st forth the research that is needed by program and regiond
officesto carry out their legidative requirements.

Science questions from resear ch strategy

The Research Plan identified a number of key areas of uncertainty, in the formof questions, that
needed to be addressed. The Multi-Year Planning Committee congdered the nine questions from the
Research Plan as il vaid and critical and augmented the lig withan additional question to address risk
assessment methodologies. Addressing thesekey scienceissuesiscriticd to givethe Agency programand
regiond officesthe tools they need to meet mandates asrelated to EDCs. Thekey questionsarenot in any
order of priority, but rather follow the order identified in the Research Plan.

. What effects are occurring in exposed human and wildlife populations?

. What are the chemica classes of interest and their potencies?

. What are the dose-response characteristics in the low-dose region?

. Do our testing guidelines adequatdly evaduate potential endocrine-mediated effects?

. What extrapolation tools are needed?

. What are the effects of exposure to multiple EDCs and will a TEF gpproach be applicable?
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. How and to what degree are human and wildlife populations exposed to EDCs?
. What are the mgjor sources and environmentd fates of EDCs?

. How can unreasonable risks be managed?

. What approaches are needed to assess risks to humans and wildlife?

Non-EPA research

The broad nature of the EDCs issue necessitates a coordinated effort on both the nationd and
internationa level. In November 1995, the Committee on Environment and Natural Resources (CENR),
under the President’ sNationa Science and Technology Council (NSTC), identified endocrine disruptors
as an inititive. The CENR established a working group on endocrine disruptors that is chaired by
ORD/EPA with vice chairs from the Department of the Interior (DOI) and the Nationa Ingtitute of
Environmental Health Sciences (NIEHS). In addition to the three aforementioned agencies, participants
indude: the Nationa Oceanic and Atmospheric Administration(NOAA), the Nationa Science Foundation
(NSF), the Food and Drug Adminigration(FDA), the Centersfor Disease Control and Prevention(CDC),
the Agency for Toxic Substances and Disease Registry (ATSDR), the Nationa Cancer Ingtitute (NCl),
the SmithsonianIndtitution, the Department of Energy (DOE), the Department of Agriculture (USDA), the
Department of Defense (DOD), and the Office of Science and Technology Policy (OSTP).

The CENR working group: 1) Developed aframework for federa research related to the human
hedlth and ecologicd effects of EDCs.  The document reviews the state of the science and major
uncertaintiesrel ated to endocrine disrupting chemicas and established aframework for research areasthat
need atention. Thisframework categorizesmajor research needsinto threegroups, methodsdevel opment,
model development, and laboratory and fidd data acquistion. 2) Developed an internet-accessible
searchable data base of on-going federally funded research on EDCs (htpp://www.epa/gov/endocrine).
3) Overlad the framework with the inventory to identify high priority research gapsinthe federd portfolio
(Reiter et d., 1998). The inventory and the andysis point out what researchisongoing across the federa
government that relatesto the various L TGsand APGsidentified in this Multi-Year Plan. Theseactivities,
aong with the recognition that the key uncertainties regarding endocrine disruptors are complex, that
interests across the agencies are overlapping, and that federa resources are limited, have helped ensure
that there is close cooperation and collaboration on endocrine disruptors research across the federal
governmernt.

Additiondly, many of the endocrine disrupting chemicas are persstent inthe environment so there
is widespread global concern about their fate and transport over nationd and international boundaries.
While evidence for agloba concern is growing, the breadth of the current saentific uncertainties related
to what effectsare actudly attributable to environmenta exposures, what chemicas are responsible for the
effects, and what risk management steps need to be taken to protect public hedth and the environment
necessitate internationa cooperation and communication. To begin to address this issue from a global
perspective, severa key collaborative efforts have been undertaken. The USfederd inventory of research
was updated and expanded in 1998 to include research projects from Europe, Canada, and Japan and,
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thus, establish a Globa Endocrine Disruptors Research Inventory (GEDRI) that includes dmaost 800
projects. The inventory provides us with a searchable database as to what research is ongoing across
continents that relates to the various L TGs and APGs identified in this Multi-Year Plan.  In addition, the
US chared a steering committee under the auspices of the International Programme on Chemica
Safety/World Health Organization/Organization for Economic Cooperation and Development  that
developed a “Globd State-of-the-Science Review,” (WHO, 2002). Both the inventory and the
internationa assessment are aresult of recommendations made at the 1997 G-8 Environmental Ministers
Medting.

I nadditionto ongoing research acrossthe US federa government and those of other countries, the
chemicd indudry is aso engaged in research in thisarea. The American Chemistry Council (ACC) isa
trade association of more than 190 member companies that represents the mgority of the manufacturers
of indudrid chemicasinthe US. ACC coordinatesthe chemical industry’ sresearch and testing programs.

Under the auspices of an Endocrine Issues Science Forum, ACC supports an annua compilation of
industry-sponsored endocrineresearch projects (Www.endocri nescience.com/background.cfm). A number
of these research efforts have been incorporated into GEDRI. They have ongoing research activitiesin
many areas that complement EPA’s intra- and extramura programs, e.g., studies on testing and testing
methodology, mechaniams of action, epidemiology, animd toxicology, wildlife studies, aguetic toxicology,
environmenta exposure, and environmenta chemidry.

Focus of EPA’s contribution

INORD’ s Research Plan, those areas where EPA should be playing at least amoderaterole were
selected fird, takinginto cons derationthe research activities of other agenciesand organizations. Priorities
for both the Research Plan and the Multi-Y ear Plan were assigned based upon an assessment of the
importance of the research to the EPA programand regiond offices, onthe magnitude of the uncertainties
inthe knowledge base, the sequence of research needed to obtain the final answer, the possibility that the
research would result in a ggnificat product for hazard identification, risk characterization or risk
management and, findly, the technica feasibility of conducting a successful project.

EPA’s program strikes a balance between “problem-driven” and “ core’ research. It includes
areas that are uniqudly of importance to EPA in helping the Agency meet its legidative mandates and
includes research areas that serve to improve the basc understanding of EDCs, in generd, thet is
complementary to research programs conducted at other federa agencies, in other countries, or by
industry. ORD has sgnificant expertise in the areas of toxicology, endocrine effects, behavioral sciences,
and environmenta exposures, relating to both humans and ecologica systems and in providing solutions
to solving environmenta problems. ORD scientists are respected members of the scientific community and
leaders in the fidd. Therefore, ORD can make a significant contribution in the areas of improving our
understanding of endocrine disruptors, their impact on human hedth and the environment and the
management of the risks they pose.
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1. PROGRESSTO DATE/CHANGES FROM PREVIOUSVERSIONS

Progressto Date - Resear ch Highlights 2000-2002 (Note: Highlightsare dligned by Long Term Goa
(LTG), which aredefinedin Section1V. Some highlights may fit under morethan one L TG but aredigned
here under the single most appropriate one.)

LTG1 PROVIDEABETTERUNDERSTANDING OF SCIENCE UNDERL YING THE
EFFECTS, EXPOSURE, ASSESSMENT, AND MANAGEMENT OF
ENDOCRINE DISRUPTORS

. Determined that the nature of estrogen and dioxin interaction in birds (chickens) is quite different
than that observed in mammals. (NCER)
. Determined that neonatal exposure of mae ratsto low and high concentrations of nonylphenaol or

bisphenol A failed to show any effect onprostate growth- i.e., could not reproduce the U-shaped
growth response curve observed to occur when animals are exposed in utero. (NCER)

. Determined that TCDD and related compounds delay ovulation in rats by one or two daysin a
dose and time dependent manner and that mechanismis occurring at two levels: hypothdamusand
ovary. (NCER)

. Discovered anew (third) estrogenreceptor invertebrates (Atlantic croaker) and demonstrated that
estrogens and xenoestrogens can act on cells at the membrane levd. (NCER)

. Determined that some mixturesof EDCs(e.g,. PCBsand methoxychlor) may be of lesser toxicity

than either agent by itsdf. (NCER)
. Reported initid development of first fathead minnow Cy3/Cy5 glass-based microarray platform
using exposure-specific cDNA targets including those discovered by subtractiondoning following
exposureto ethinyl estradiol. Devel opment was enabled by collaboration in microarray production
and bioinformatic andyses with the Univergty of Cincinnati Department of Environmenta Hedth
Sciences (Dr. Craig Tomlinson), and Children's Hospital Medical Center Department of Pediatric
Bioinformatics (Dr. Bruce Aronow). Presentation of genomics approach (including EDCs) was
made at the fird International Workshop and Consortium on Technology and Application of
Ecotoxicogenomics, Pensacola Florida (Sept. 2002)(To be published in Ecotoxicology in 2003).
(NERL)
. Published two articlesin Environmenta Toxicology and Chemistry focused on the devel opment of
molecular diagnogtic indicators of exposure of aguatic speciesto estrogens (2001, 2002). (NERL)
. “Vitdlogeningene transcription; A rdative quantitetive exposureindicator of environmenta
estrogens” Lattier, D.L.,Gordon, D.A., Burks, D.J.,and Toth, G.P. 2001. Environmental
Toxicology And Chemistry. 20:1979-1985.

. "17a-Ethynylestradiol induced vitellogenin gene transcription quantified infathead minnow
(pimephaes promdas) adult mae livers, embryo larvae and gills” Lattier, D.L., Reddy,
T.V., Gordon, D.A., Lazorchak, J.M., Smith, M.E., Williams, D.E., Wiechman, B.,
Miracle, A.L., Hick, RW., and Toth, G.P. 2002. Environmental Toxicology And
Chemistry. 21(11):2385-2393.
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Facilitated technology transfer of estrogenic molecular diagnostic indicators to EPA Regiond
scientistsand water resource managers. Classroomand laboratory training occurred during August
of 2002 (Region 9, San Francisco). Followup with Region 9 Tribal Scientists and State of
Cdifornia scientists occurred in February, 2003. Scientistsfrom Regions 1, 2 and 3 weretrained
in Spring 2003. (NERL)
Collaborated with NHEERL-MED and RTD on exposure and effects of androgenic compounds
associated with Confined Animd Feeding Operations (CAFOs)- joint posters presented at 2002
SETAC describing chemica and biologica evidence of androgenic substances found in severa
CAFO €ffluents. (NERL)
Collaborated on a cosponsored Region 3/5 RARE Research Project to develop and validate
andytica methods for alkylphenols and corresponding ethoxylates. (NERL)
Conducted researchto characterize the transformation, bioavailability and occurrence of selected
enantiomers of chiral pesticides in environmental matrices and food products. (NERL)
Published report on the use of internet resources for the study of ecological effects of
anthropogenic chemicas rdeased into the environment, including endocrine disrupting chemicals.
(NHEERL)
Reported that the anabolic steroid trenbolone acetate, agrowth promotor used in cattle and found
in wadte Sites, had sgnificant androgenic activity in vivo and in vitro. (NHEERL)
Reported on modes to extrapolate risks of endocrine disrupting chemicas from individuds to
wildlife populations. (NHEERL)
Reported on development of cancer associated with developmental exposure to endocrine
disruptors. (NHEERL)
Reported on consensus toxic equivaency factors to predict reproductive effects of endocrine
disruptorsin mixtures. (NHEERL)
Published review on the hedth effects of dioxin and dioxin-related compounds. (NHEERL)
Found that environmenta agents that inhibit aromatase can act as endocrine disruptors .
(NHEERL)
Reported that some organophosphate insecticides have direct effects on the androgen receptor.
(NHEERL)
Reported on effects of diphenylether compounds on nervous system function and thyroid gland
function following developmenta exposurein anima modds. (NHEERL)
Reported onpersistent sensory and cognitive effects of devel opmenta exposure to polychlorinated
biphenyl compoundsin animas. (NHEERL)
Completed internal peer review of the document, Risk Management Evaluation of EDCs, and
preparing for external peer review. (NRMRL)
Used the Risk Management Eval uation of ED Csto identify and prioritize initia risk management
research projects. (NRMRL)
Conducted a workshop in January 2002 to complement the Risk Management Evaluation of
EDCs. The workshop established the current state of risk management research on EDCs. The
proceedings of the workshop was published as a multimedia CD-ROM (EPA/625/C-02/015).
(NRMRL)
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Initiated risk management research on remediation of environmenta reservoirs contaminated with
suspected EDCsincluding aquatic sediments and drinking water.
Began to adapt andytica chemistry and bioassays methods to evauate the performance of risk

management processes. (NRMRL)
Formed a NRMRL/NERL collaboration on wastewater trestment research. (NRMRL)

DETERMINE THE EXTENT OF THE IMPACT OF ENDOCRINE
DISRUPTORS ON HUMANS, WILDLIFE, AND THE ENVIRONMENT

Determined levesof phytoestrogens inhumanamniatic fluid and effects of exposureto thoseleves
in rats on markers of sexua development. (NCER)

| dentified androgenic compounds (mae hormone mimics) in paper mill effluent using a screening
assay developed using mosguitofish. (NCER)

Found no evidence for immunosuppresson in developing and hatchling American dligators
exposed to a range of concentrations and combinations of EDCs (DDE, dieldrin, endosulfan,
methoxychlor, toxaphene, chlordane). (NCER)

Determined exposureto highleves of polybrominated biphenyls (PBBs) prenataly and via breast
milk may impact puberty in girls. (NCER)

WithNRMRL, completed sampling of 50 waster water trestment plants (WWTP) for a survey of
estrogenic activities to compare the rlative effectiveness of trestment processes (Summer, Fl
2002). (NERL)

Collaborated with the State of New Mexico Department of the Environment to determine the
exposure potentia of 27 EDCsonthe Gdlinas River, above and bel ow the City of LasVegas, NM
water supply. The State of New Mexico plit sampleswithORD-EERD and andyzed 27 potentid
Endocrine Disrupting compounds while ORD-EERD assessed the estrogenic potentid of the same
samples using the fathead minnow Vitellogenin gene expression assay. (NERL)

Completed large scale exposure study assessing 260 young children’s aggregate exposures to
pesticides, EDCs, and other persgstent organic pollutants (Children’s Total Exposureto Pesticides
and other Persgtent Organic Pollutants. Study conducted in NC and OH. Samples anadyzed.
Find anadyses planned for FY03/04. (NERL)

Completed joint HUD/CPSP/EPA assessment of children’s exposuresin >160 daycare centers
randomly selected acrossthe US. Samplesbeing andyzed. Find analyses planned for FY 03/04.
(NERL)

Developed and had externdly peer reviewed study design and protocol for ng very young
children’ sexposuresto pesticidesand EDCs(studyto start in FY 03/04, pending OMB approval).
Rlot study conducted in Jacksonville, FL in collaboration with CDC, NHEERL, and Duvd
County. (NERL)

Completed exposure assessment of >120 farm gpplicators and thar familiesin NC and |A to
produce datato evauate the NCI exposure agorithmsin support of the Interagency AHS. Find
analyses planned for FY03/04. (NERL)
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. Reported that although androstenedione was present at detectabl e quantitiesin contaminated river
water, the compound was not associated with androgenic activity of water from the ste.
(NHEERL)

. Report of masculinized femae juvenile dligators from Lake Apopka, suggesting juveniles of both

genders exhibit atered endocrine and reproductive dysfunction. (NHEERL)

. Launched risk management research on characterizing suspected EDC sourcesto the environment
induding investigations of wastewater treetment plants, concentrated animal feeding operationsand
combustion processes. (NRMRL)

LTG 3: SUPPORT EPA’S SCREENING AND TESTING PROGRAM
. Developed an estrogen-responsive transgenic zebrafish whose expression can be monitored by

fluorescence capture of reporter gene activity. (NCER)

. Developed, characterized, and optimized/standardized an in vitro spermatogenesis mode for
detecting spermatotoxicants, including EDCs, using dogfish shark testis. (NCER)

. Developed/refined anin vivo modd using medaka to identify EDCs. (NCER)

. Developed integrated array of computationd tools undergoing validation by OPPTS for setting
priorities for screening and testing (S&T) program. (NCER)

. Reported on a Short-term Test Method for Assessing the Reproductive Toxicity of Endocrine-
Digrupting Chemicas Using the Fathead Minnow (EPA Document). (NHEERL)

. Reported on a model usnga 3-D structural approachto predict chemicals for their ability to bind
to the estrogen receptor. (NHEERL)

. Provided an overview onthe use of structure-activity relationshipsfor ranking and prioritizing large
chemicd inventories, including endocrine disruptors. (NHEERL)

. Reported that the estrogen-responsive reporter gene assay introut wasresponsve to estrogen over
awide range of environmentaly rdevant temperatures. (NHEERL)

. Reported onanovel cdl inethat can be used to detect hormone receptor agonistsand antagonists

for screening purposes. (NHEERL)
Changes from Previous Versions

Asthe result of anFY 2002 appropriations redirect of fundsfor researchinthe devel opment of dternatives
to animal testing, ORD has given rise to an innovative program, entitled Computational Toxicology (CT).
The intent of this program is integrate modern computing and information technology with the technology
of molecular biology and chemidiry to improve EPA’s prioritization of data requirements and risk
assessmentsfor toxic chemicas. As* proof-of-concept,” ORD will first devel op methodsfor theimmediate
priority-settingissuesfacing OPPT Sineva uating endocrine disruptors as mandated by CongressinFQPA.
Thisversonof the MY P includesan APG and related APM sthat are associated withthe CT researchthat
isimplementing this * proof-of-concept” program.
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In addition, in the Appendix Potential Additional Research, we have taken the methods, tools and
approaches we described in the previous version and describe how we propose to apply themto a case-
study that would be conducted in an integrated fashion using the expertisefromadl of ORD’ sLaboratories
and Centers.

V. LONG-TERM GOALS

The Research Plan is the road map that identifies the research that is needed to improve our
understanding of endocrine disruptors. It should be referred to in order to understand the overal research
program that is envisoned. This Multi-Year Plan identifies the eements of the Research Plan that ORD
will beworking oninanintegrated fashion, across branches, divisions, Laboratories, and Centers, over the
next five to ten years. the Water Qudlity, Safe Communities, and Ecosystem Protection MY Ps, 5)
developing integrated risk assessmentswill be of vdueto Gods 3, 4, 8.1 and 8.2 research under Safe Food,
Safe Communities, Ecosystem Protection, and Human Hedlth Risk Assessment MY Ps, and 6) developing
risk management approaches, including pollution prevention methods, will be vauable to research under
the Pollution Prevention MY P.

As noted previously, the Research Plan identified nine key areas of uncertainty and the MYP
Committee added atenth area. The Committee used these areas as a basis to derive three Long-Term
Gods (LTGs). Thethree LTGs with the key areas of uncertainty they address are asfollows.

1 Provide a better understanding of the science underlying the effects, exposure, assessment, and
management of endocrine disruptors

. Determine what are the dose-response characterigtic in the low-dose region
. Determine what extrapolation tools are needed
. Determine whét are the effects of exposure to multiple EDCs and will a TEF approach be
goplicable
. Determine how can unreasonable risks be managed
. Determine what approaches are needed to assess risks to humans and wildlife
2) Determine the extent of the impact of endocrine disruptors on humans, wildlife, and the environment
. Determine how and to what degree are human and wildlife populations exposed to EDCs
. Determine what effects are occurring in exposed human and wildlife populations
. Determine what are the chemical classes of interest and their potencies
. Determine what are the mgjor sources and environmenta fates of EDCs
3) Support EPA’s screening and testing program
. Determine whether our testing guidelines adequately eva uate potentiad endocrine-mediated
effects

It should be noted that the LTGs identified by the Multi-Y ear Planning Committee are congstent
with not only the key areas of uncertainty identified by EPA’s Research Plan, but aso assessments
conducted by the following organizations: 1) the research needs framework and priority data gapsidentified
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by the Endocrine Disruptors Working Group (Reiter et d., 1998) of the Committee on Environment and
Natura Resources (CENR) under the Presdent’s National Science and Technology Council (NSTC), 2)
research needs identified by the National Research Council in its1999 report “Hormonally Active Agents
Environmentd Agents,” (NRC, 1999), 3) research needs developed a a joint US-European Union
workshop held under the auspices of US-EU Science and Technology Agreement (JRC, NIEHS, EPA,
1999), and 4) the internationdly developed document Global Assessment of the State-of-the-Science of
Endocrine Disruptors (WHO, 2002). Therefore, itiswell-recognized and accepted that resolution of these
gods are key to being able to: 1) improve our understanding of the science regarding endocrine disruptors -
specifically in the areas of effects, exposure, risk assessment, and risk management, 2) determine the
extent of the problem endocrine disruptors are causing to humans and the environment, and 3) develop
saentificaly vaid methodsto screen and test for agentsinthe environment that may be endocrine disruptors.

ORD is committed to addressing particular aspects of each of these LTGs. These aspects are
reflected in the Annua Performance Gods (APGs) and their respective Annua Performance Measures
(APMs) described ingreater detail inSectionV and inattached supporting Tables 1-3. The attached flow
diagrams for each of the LTGs (Fgures 1-3) depict the time line for completion of the APGs and their
interrelatedness and should help put the information in Section V into Smpler context.

The degree of emphasis for each LTG is based on criteria smilar to those used when assigning
priorities in the Research Plan: 1) an assessment of the importance of the research to the EPA
program/regiond offices, 2) the magnitude of the uncertainties in the knowledge base, 3) the sequence of
research needed to obtain the find answer, 4) the possibility that the research would result in a Sgnificant
product for hazard identification, 5) risk characterizationor risk management , 6) the technicd feashility of
conducting a successful project, and 7) legidaively mandated time frames. The followingtable summarizes
the relative emphasis of each LTG over the period of FY 2000 through 2012.

LTG Emphasis from 2000 through 2012

1 Leve through 2008 and then increasing
2 Leve through 2008 and then increasing
3 Levd through 2008 and then decreasing

Successtully addressing these LTGs will require ahighly coordinated effort. It is anticipated that
each Laboratory and Center within ORD will develop an implementation plan for EDCs that will further
facilitate the coordination and sequencing of the research eementsto occur. The Implementation Planswill
be congstent with the Research Plan and the Multi-Year Plan.  These documents should be considered
collectively when trying to understand the overadl endocrine disruptors research program, what specific
researchthe Laboratories and Centers will be carrying out, and when. Recognizing the dynamic nature of
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research, the Multi-Y ear Planning Committeerecommendsthat the prioritiesand sequencing inthe Research
Plan, inthe Multi-Y ear Flan, and inthe individud Implementation Plans be revisited periodicdly so thet the
overd| research program can be modified as the knowledge base increases.

The following section on Description of the Flow Diagramswill lay out which specific aspects of
the LTGsORD plansto address. However, given the breadth of the goals and the complexity of theissue,
it will require coordinated efforts across the federa government, academia, industry, non-governmental
organizations, and with our internationa counterparts to fully address these gods. The mechanisms for
collaboration are highlighted in Section 1.

The endocrine disruptors research program is one of afew ORD research programs that includes
adiverse multi-disciplinary set of research areas for both human hedlth and wildiife. Thisset includes: 1)
evauation of effects in human hedth and wildlife, 2) determining exposuresin human and ecosystems, 3)
development of integrated risk assessment approaches for human and wildlife populaions and 4)
development of risk management approaches to mitigate exposures in human and wildlife populations.
Meseting these high level godswill enable usto achieve the God 4.4.1 GPRA sub-objective, as it relates
to endocrine disruptors, to “conduct research that contributes to the overdl hedth of humans, their
communities, and ecosystems’ by  combining human hedlth and ecologica congderations.

The EDCsMY P does not rely directly onresearch conducted under other MY Psand other MY Ps
do not rely directly on research conducted under the EDCs MY P. However, it should be noted that the
research conducted under this MY P will provide results that are indirectly vauable across a number of
MY Ps and Agency Gods. A few of the examples where endocrine disruptors researchwill be of vdue to
other Agency Goas and MY Ps are provided in the following table.

Examples of EDCs Research - Goal 4.4.1 Goalsand MY Psthat benefit indirectly

Exposures to multiple endocrine disruptors Gods 4 aggregate exposure and cumulative risk
issues - Safe Food, Ecosystem Protection, and
Human Hedlth Risk Assessment MY Ps

Development of protocols for screening and God 4 test methods development program - Safe

testing CommunitiesMYP

Understanding critical biologica factors during Gods 2, and 4 sengtive subpopulation issues -

development Drinking Water, Safe Food, and Human Hedlth
Risk Assessment MY Ps

Understanding impacts of endocrine disruptors Gods 2, and 4 ecologica methods, models, and
onwildife measures research - Water Qudlity, Safe
Communities, and Ecosystem Protection MY Ps
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Deveoping integrated risk assessment methods | Goals 4, risk assessment methods devel opment
programs - Safe Food, Safe Communities,
Ecosystem Protection, and Human Hedth Risk

Assessment MY Ps
Deveoping risk management gpproaches, God 5 pollution prevention methods - Pollution
including pollution prevention methods Prevention MY P

V. DESCRIPTION OF THE FLOW DIAGRAMS

The flow diagrams, as noted previoudy, depict the APGsthat will support the LTGs, the timeframe
for their completion, and how they are interrdlated. In the development of the Multi-Year Plan, the
Committeetook the fallowing into consideration when determining the Annud Performance Gods (APGS):
1) the key questions identified in the Research Plan, 2) the origina 33 subissuesidentified in the Research
Plan, 3) the research themes that were being identified within severd laboratory implementation plans
(specifically NHEERL's Multi-Y ear Implementation Plan and NRMRL's Risk Management Evaudtion),
and 4) an assessment of ongoing and anticipated ORD research efforts. Asaresult, 20 discrete research
areas (APGs) were identified in which ORD can make a sgnificant impact, between the intramurd and
extramura STAR grants programs, inadvancing the state of the science on endocrine disruptors within the
next 7 years. Schedules for these research areas were estimated based upon knowledge of: 1) existing
resources, 2) intramura capacity and capability, 3) projected timelines for awarded grants, 4) the
complexity of the area, and 5) in severd cases, Congressiondly-driven deadlines.

Annua Performance M easures(APM ) representing discrete segmentsof researchto becompleted
withinthe defined schedule were devel oped for each APG. The APMs (Tables 1-3) will help to determine
progress made towards completing the APG. The APMsin the Tables represent the expected product
from agiven rescarch area. Therefore, the Tables, for the most part, do not necessarily show continud
progress of a research area from start to finish, but rather just the magjor “milestones” Each APM is
attributed to one of ORD’sLaboratoriesor Centers. It should be noted that, for the most part, those that
are attributed to NCER are products of STAR grants. Some APMSs (those in itdics) appear in multiple
MYPs. Itisimportant to note that the Tables capture the APGsand APMs currently anticipated. The
Committee recognizes the need to update the matrix periodicaly, as new Milestonesare anticipated and as
emphases shift. However, the Committee agrees that the current APGs will drive the development of the
Laboratory- and Center-specific Implementation Plans and the projects/topicsonwhichther effortswill be
focused for the next five to seven years.

Please note that guidance for the development of the MY P cdled for the use of the term “Annud
Performance Measure’ to acknowledge those ectivitiesthat collectively would addressan APG. However,
the APMs described in this MY P should not be confused with or ever designated as ORD or Agency
APMsusad in cross-Agency planning and accountability activities. It isanticipated, that APMs from the
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MYP will be aggregated and integrated to derive “Annud Performance Messures’ for Agency
accountability activities when required.

The 21 APGs for the Multi-Y ear Plan are described below.  For each APG, the objective, the
sgnificancelimpact, and the schedule of the research are described. 1t is assumed that the various APMS,
when aggregated, will lead to the achievement of the APG. In order to facilitate understanding how the
achievement of the APGs will lead to achieving LTGs, the descriptions for the APGs are aigned
chronologicaly under the LTG(s) they support. Please note that in a couple of cases an APG may support
morethan oneLTG. Similarly, in Tables1-3, an APM may support morethan one APG. Sincethe Multi-
Y ear Plan identifies which areas of the Research Plan our efforts will focus on for the next 7 years, the
descriptions below include the cross-reference to the relevant subissues in the Research Plan. For more
detail and context, the reader should refer to the Research Plan itdf.

LTG1: PROVIDEA BETTER UNDERSTANDING OF SCIENCEUNDERL YINGTHE
EFFECTS, EXPOSURE, ASSESSMENT, AND MANAGEMENT OF
ENDOCRINE DISRUPTORS

The products of the research conducted under this LTG will: 1) improve our understanding regarding
environmenta exposures and effectsof EDCsand 2) result inthe development of improved methodsfor risk
assessment and risk management. In other words, this L TG will result inthe development of  tools that can
be applied inthe conduct of researchunder LTG 2 intrying to determine the extent of the impact of EDCs.
The LTG 1 research can be thought of, therefore, as basic or “core’ research. Therefore, the results will
be of vaue to most of EPA’s program and regiond offices, other federal agencies, agencies in other
countries, and the scientific community at large.

APG: Characterizetheeffectsof exposuretomultiple EDCs, in variouscombinationssuch
asthose with similar and different mechanisms of action (FY03)

Objective: To understand the impacts on humans and wildlife of exposuresto mixtures of EDCs
a environmentaly rlevant levels.

Significance/l mpact: Understandingwhether effectsfallowing exposuresto mixturesof EDCswill
beadditive, synergistic, cancel each other out (estrogens and anti-estrogens), or otherwise, will lead
to improved human hedth and ecologica risk assessments.

Schedule: The question of the interactions of mixturesof EDCsisa critica one for both humanand
ecological risk assessments.  There are efforts ongoing intramurally with PCBs, PHAHS, dioxins,
phthalates, and triazines, and through STAR looking at tributyltin in combination with other
contaminants. We anticipate being able to complete the ongoing researchto addressthis APG by
FY03. However, based upon the results of these data it may be necessary to conduct additional
dudiesin later years.
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Resear ch Plan Subissue: EFF.6.1

APG: Determinethe shape of the dose-responsecurveinavariety of speciesexposedto
ambient levels of endocrine disruptors (FY05)

Objective: To develop amore complete understanding of specific chemica mechanisms of action
particularly for mechanisms that operate in the low end of the dose-response curve.

Significance/lmpact: Understanding of how EDCs dicit toxicity through receptor-based
interactions, membrane receptors, enzyme alterations, and other non-nuclear receptor-based
pathways, will lead to improved methods to interpret data (particularly from the screening and
testing program) and, thus, improved risk assessments. Most of what we know about endocrine
disruptors is a result of |aboratory studies or as a result of environmenta spills/accidents where
exposures in both types of studies were relatively high. Understanding how EDCs operate at the
low end of the dose-response curve is paticularly relevant to evauating effects at ambient
environmentd leves of exposure. Gathering this information in a variety of gpecies will lead to
improved methods for extrapolating data across species.

Schedule: Because data from this research are critica to help interpret the results from the
screening and testing program, this research is ongoing now in both our intramura and STAR
programs. Because of the complexities associated with eucidating mechanisms of action, the
ongoing research that is addressing this APG will not be completed until FY05. However, it
appears warranted to issue aSTAR solicitationfor additiona researchinthis area, based uponthe
recommendations that came out of the “Low-Dose Peer Review Panel on Endocrine Disruptors’
sponsored by EPA and NIEHS. Therefore, onceawardsare madefor thosegrants, inal likelihood
it will be necessary to push back the date for completion of this APG.

Resear ch Plan Subissue; EFF.3.1

APG: ldentify key risk assessment issues and develop guidancefor assessing endocrine
disruptors (FY06)

Objective: To work collaboratively across ORD laboratories and centers to: 1) identify,
characterize, prioritize, and assess the potentia exposures and effects to selected suspect EDCs,
and 2) devel op aframework to integrate experimental and observationa data for both humanhedth
and ecologicd effects in order to conduct haligtic risk assessments for EDC modes of action
(MOAS)

Significance/lmpact: The development of tools that factor in how best to incorporate MOAS,
multiple chemicd exposure, criticd lifestages, criteriafor advergty, dose-responserdationshipsand
inter-species comparisonsare critica for the development of improved humanhealthand ecological
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risk assessments for EDCs. The methods that will be developed aso will have broader impact on
Agency risk assessments beyond EDCs.

Schedule: Thesetools will be needed as the knowledge base on EDCs increases, particularly with
the screening and testing program. Limited efforts are ongoing. While we have designated its
completion in FY 06, program/regiond offices are asking that the work be completed even earlier,
if possible, because of itsimportance to the screening and testing program.  Further, the research
should be evauated periodicdly to ensureit is addressing key data gaps that remain/develop as the
knowledge base increases and risk assessments are performed routinely.

Research Plan Subissue: LNK.1.1

APG: Determinethecritical biological factors during development resulting in toxicities
occurring later in life (FY 06)

Objective: To determine the critica factorsthat account for exposuresduring devel opment resulting
in toxicities occurring later in life (e.g. windows of vulnerability, developmenta tissue dosmetry,
modes of action) to inform appropriate human hedth and ecologica risk assessments for these
effects and the chemicas involved.

Significance/lmpact: To address a critical issue in the controversies over potential endocrine
disruptionlinked to environmenta chemicd exposure, that is, theimpact of devel opmenta exposures
on function later in life. Development is a period when hormone-mediated changes in gene
expression can have permanent consequences that may not be gpparent until later in life because
functiond changesdo not occur until puberty or adulthood and during whichextraordinary changes
occur. Thus, the developing organismmay be more vulnerable to toxic effects at lower doses than
would produce adverse effects in adults. 1t also has been suggested that there are processes for
whichthere may be no apparent threshold due to limitations in the kinds of regulatory, surveillance,
and repair processes that create biologica thresholds in adults. Research in thisarea will provide
the critica information needed for assessing the potential consequences of in utero and childhood
exposures, both representing periods of sengtivity of humanand wildife populaions. Since, EDCS
research focuses on the mode of action of a compound, the impact of these effects on
developmenta processes is criticd to risk assessment. The determination of developmenta
anomalies caused by a compound, the identification of the dose required to produce such effects
and an understanding the mode and mechanism of action involved provides informetion that can
dlow for informed decisons on the potentid risk to the developing human and wildlife species.
Furthermore, mode of action analyses of the low-dose issue could have amgor influence on the
Agency’s approach to risk assessment of endocrine disruptors.

Schedule: Because of the importance of addressing thisuncertainty, the breadthof the research that
will be needed, and the complexity of the issues, dthough there is ongoing research in this area, it
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will take 5-6 years before we can make a Sgnificant impact in thisarea. However, our in-house
expertiseis highly capable of addressing this issue as it rdaesto both human hedth and wildlife.
In addition, there are several ongoing grants that are contributing to our being able to meet this
chdlenge.

Research Plan Subissue: LNK.2.3

APG: Deter mine the degr eeto whichthe effects of EDCs with defined mechanisms/modes
of action can be extrapolated acr oss classes of vertebrates (FY07)

Objective: To determine the degree to whichthe effects of ED Cswith defined mechanisms/modes
of action (MOAS) can be extrapol ated across classes of vertebrates.

Significance/lmpact: 1) To reduce the uncertainty associated with extrapolating effects of
chemicas across species. 2) To understand the degree to which quantitative extrapolation is
defeng ble/possible, comparative toxicol ogicd studies usng chemicads withwell-defined MOAs are
necessary. The EDC program, because of its focus on systems controlled by endocrine function
which appear to be highly conserved and, in some cases, reasonably well-characterized across
species, offers a logica opportunity around which to formulate and test hypotheses related to
across-species extrapolation of chemicd toxicity. Research will have a direct and, potentialy,
relaively immediate impact on the regulation of EDCs in terms of defining the degree to which
screening and testing based on an assumption of amilar MOAS across species istechnicdly and
stientifically defengble. Of broader sgnificance, the development of gpproaches to evauate and
conduct inter-species extragpolation research should utimately help reduce uncertainties in both
human hedlth and ecologica risk assessments.

Schedule: Currently there are limited intramurd efforts ongoing in thisarea. However, since this
was one of the focus areasidentified in NHEERL '’ simplementation plan it is anticipated that more
effortswill commence. Because data from this research is critica to help interpret the resultsfrom
the screening and testing program, the conduct of this research should be from now and should be
evauated periodicaly as data become avalable fromthe S& T to ensurethat it focuses on questions
that require addressing. Because of the complexity of the issues being addressed, the need for
developing physiologically-based toxicokinetic (PBTK models), and the fact thet there are limited
efforts currently ongoing, indicate that this APG will not be addressed until FY 07.

Resear ch Plan Subissue: EFF.4.2; EFF3.1

APG: Evaluate exposure methods, measurement protocols, and models for the
assessment of risk management efficacy on EDCs (FY 08)
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Objective: Develop exposure methods, measures, and multimedia, multi-pathway modelsto assst
in the measurement of risk management success.

Significance/lmpact: Asrisk management gpproaches are identified and/or devel oped there will
be a need to identify and adapt and/or develop bioassay screening tools and other analytica
methods to assess their efficacy. Measurements research will be performed to define the extent of
the exposure issue (e.g., bicavailability/uptake) and assst in defining risk management needs.  In
additionto serving astools on risk management approaches, exposure measures (e.g., chemicd and
biologica indicators) will be vauable to screen and characterize exposures, improve exposure
estimates in future epidemiologica sudies, and assst indevel oping and verifying exposure models.
This effort will entail cross [aboratory participation from NRMRL, NERL, and NHEERL.

Schedule: Researchhasbegun onthis effort and is being coordinated withprojectsof amilar scope
in the other ORD laboratories and centers. Molecular biologica indicators are being developed
through FY 07 to measure exposure of aguatic species to angle and multiple EDCs. These are
DNA microarray-based indicators and offer the potentid to measure exposure to specific
endocrine-disrupting components of chemica mixtures. . Innovativeandytica methodsarebeing
developed and fidd validated for some pesticides, akylphenoals, phthaates, and other classes of
suspected EDCs. Multimedia, multi-pathway models are being developed to characterize EDC
exposures, identify critical gaps, and define further research. The exposure, effects, and risk
management research programs will develop in an iterative approach with future tools defined
through the andysis of past and current research results.

Research Plan Subissue: EXP.2.3

APG: Computetiond Toxicology Program: Provide at least one computational modd  for
assessing endocrine disruptor compounds (FY 08)

Objective:  The stentific approach condsts of first describing in detail the endocrine systems
In representative species and identifying primary pathways by whicha chemica could disrupt these
systems. Employing this diagnostic gpproach, an expanded seriesof in silico, invitro and ex vivo
models and assays will be employed to discriminate pecific pathways and develop models for
gpecific classes of chemicals that exert toxic effects through each of the pathways.

Significance/lmpact: I successful, these models could facilitate priority-setting among large
numbers of chemicas by ranking each chemica sequentidly for its Smilarity to the chemica classes
that disrupt each pathway. In the near-term, the program will provide high quality databases that
can be used to develop, in the mid-term, additiond predictive, computer-based structure activity
models. In the longer-term, the research efforts will refine exiging in vivo assaysto increase the
amount of diagnogtic information gained for the invested resources by diminating redundancies
among these assays and reducing the number of animals needed.
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Schedule:  ORD anticipates developing over the next three to five years additional computer
models, and associated in vitro assaystha will predict, from chemicd gructure, the potentia for
acompound to dlicit theinitia chemica-biologica interactions that trigger molecular, biochemicd,
and physologicd events that can ultimatdy lead to adverse reproductive or devel opmental
outcomes. The computer models will be developed, and iteratively evaluated and improved, by
employing data sets derived from in vitro assays that arerespondve to, and diagnogtic of, specific
toxicologica pathways. The employment of genomics will comprise the next generation of
techniques to identify chemicd-biologica interactions that initiate endocrine disruption to further
Oefine the subsequent biologica events diagnostic of specific pathways. These techniques will
effidently expand knowledge bases to support new computer mode s that predict ‘ keystone' events
from chemica dructure.

Inthe next threeto five years, additiond in vitro assays will be developed and evaluated to broaden
the means of identifying pathway's of endocrine disruption. Over the longterm (five to tenyears) new
in vivo approaches will be developed and evauated for their ability to capture increased
information, with areduction in the number of separate teststhat are conducted and a decreasein
animd usage. Again, the use of genomicstoolswill be essentid to medting this objective. Whilewe
indicate that this APG will be completed in FY 08, we recognize the need to re-evduate this date
as the research program unfolds.

Research Plan Subissue EFF.1.1, EFF.3.1, EXP.2.3, LNK.4.1, LNK.4.2
APG: ldentify risk management EDC research (FY08)

Objective: To evduate the state of science of EDCs and identify risk management research
opportunities to reduce EDC exposure to human populations and ecosystems.

Significance/lmpact: A risk management evauation (RME) will dlowORD toidentify mgor EDC
sources and to devel op acomprehengve risk management research programthat isfocused on the
magor sources of EDCs, employs research results from other ORD laboratoriesand center, and is
coordinated across ORD. This RME will identify opportunities of greatest need and grestest
potentia for making sgnificant impacts to the reduction of EDC releases and exposures.

Schedule: Researchthat addressesthis APG will be continuous. Although thematrix ligsthisAPG
to be addressed in FY 08, as more information becomes available on sources of EDCs, the need
for additiona risk management research will be evauated to ensure it is focused on the most
appropriate sources.

Resear ch Plan Subissue: LNK.4.1; LNK.4.2
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APG: Develop at least two new risk management tools to reduce exposure to EDCs
(FYQ9)

Objective: To develop new risk management tools for addressing EDCs.

Significance/lmpact: If exiding methods are deemed inadequate to address the risks posed by
EDCs, new tools will be developed. Development of new tools will lead to cog-effective
approaches to mitigating exposures to EDCs; pollution prevention approaches to minimize the use,
release, or production of EDCs; and site remediation methods.

Schedule: Once mgor sources of EDCshave beenidentified and an evaluation of exidting toolsis
underway, research on developing tools to manage unreasonable risks will begin.  Therefore, this
research effort is scheduled to begin a few years into the 2000-2012 time frame. As more
information becomes available on sources of EDCs and data become available asto the feasbility
of usng exiding tools, research for this APG will be evaluated to ensure it isfocused on the most
appropriate sources. It is anticipated that initid research to address this APG will be completedin
FY 09 and that its impact on the reduction of EDC releases to the environment and the need for
additional new RM tools will be re-evauated.

Resear ch Plan Subisssue: LNK .4.2

APG: Evaluateat least threeexistingrisk management toolstoreduceexposureto EDCs
(FYQ9)

ODbj ective: To determine whether existing risk management tools can be applied to magjor sources
of EDCsto mitigate exposures

Significance/l mpact: Thereare anumber of existing risk management tools that possibly could be
applied to reduce exposuresto EDCs. Thisresearch will determinewhich exigting technologiescan
be applied or modified to reduce exposure. |If technologies exist that can be applied to major
sources of exposure, the impact could potentially be a mgjor reduction of EDC release to the
environment (e.g., revison to the waste water trestment process that would remove EDCs from
effluent and/or dudge).

Schedule: Once mgor sources of ED Cshave been eval uated, research onthe potential application
of exigting tools to manage unreasonable risk will begin. Current thinking has early effortsfocusng
onthe following sources. sewage trestment plants, sources of combustion, drinking water trestment
plants, sediments, and CAFOs. As more information becomes available on sources of EDCs,
research for this APG will be evaluated to ensure it is focused on the most appropriate sources.
Given the current sources of concern, it isanticipated that research to address this APG will be
completed in FY 09.
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Resear ch Plan Subissue: LNK.4.2

APG: Deveop sysems moddsto test and predict vulnerability of the neuroendocrine system to
contaminant-induced effects

Obj ectives. Disruptionof neuroendocrine sysems ininvertebrates, aquatic, and amphibianspecies
is a potential target for environmental chemicals. However, such effects may be mediated via
different biologicd pathways withinand across species. Inaddition, it ispossiblethat environmenta
chemicas withdifferent modes of action could interact inanonadditive manner by affecting different,
but converging, neuroendocrine pathways. The scientific gpproach conssts of developing abasic
understanding of the neuroendocrine systems in non-mammadian species and usng emerging
toxicogenomic and proteomic techniques to identify potential common pathways of action. This
research will focus on potential reproductive or developmenta effects across various non-
mammaian species because they are crucid to understanding chemicd effects in non-mammdian
species at the population level.

Significance/lmpact: Thisresearch will result in theidentification of key biologica eventsacross
multiple non-mammadian species that are sendtive to neuroendocrine disruption. Thisinformation
is important for reducing uncertainties associ ated with extragpol ation across non-mammalian species
and for predicting potential non-additiveinteractions among chemicas that affect the neuroendocrine
system by different pathways. Ultimately, this research could lead to modds that would facilitete
priority-setting among large numbers of environmenta contaminants having effects on the
neuroendocrine system in non-mammalian species.

Schedule: ORD will first conduct researchto understand how the neuroendocrine systemintarget
non-mammalian species is associated with normd reproductive and developmenta outcomes.
Research will then focus on using emerging toxicogenomic and proteomic techniques as ameans of
identifying common molecular endpoints that could be perturbed by environmenta contaminants.
Once common molecular endpoints of neuroendocrine function are identified across different
species, effects of contaminantswill be studied. Theseresultswill be used to develop computationa
or other predictive modds to test for effects of contaminants and to provide the basis for
extrapol ationacrossnon-mammaianspecies. Eventudly, thisresearch will lead to the devel opment
of a model to predict contaminant-induced effects in non-mammalian species associated with
multiple and potentidly interacting neuroendocrine modes of action.

Research Plan Subissue: LNK.2.3; EFF.4.2; EFF.3.1; EFF.3.4; EFF.5.3

DETERMINE THE EXTENT OF THE IMPACT OF ENDOCRINE
DISRUPTORS ON HUMANS, WILDLIFE, AND THE ENVIRONMENT
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The products of the research conducted under this LTG will improveour understanding regarding the extent
to which current environmental exposures to EDCs impact human and wildlife populations and the
environment.  As noted above, the methods, approaches, and tools developed through LTG 1 and
esawhere will be gpplied under LTG 2 in trying to determine the extent of theimpact of EDCs. The LTG
2 research can be thought of, therefore, as more “applied” research. The results of this researchwill be of
vaue to most of EPA’s program and regiond offices, other federal agencies, agenciesin other countries,
and the scientific community & large.

APG: Develop field methods to assess environmental exposures in tissues and
environmental compartments (FY02)

Objective: To develop improved fidd and andyticd methodsto collect, separate, characterize and
identify EDCsin environmental media and tissues.

Significance/l mpact: Improved methodol ogieswill optimize monitoringand andytica throughput.
Reaults of this researchwill provideimproved sample extractionmethods, extract preconcentration,
chromatographic separation, and analyte detection.

Schedule: Efforts have been ongoing for severa yearsintramuradly to develop improved methods
to detect EDCs in water, sediment, soil, and anima tissue. These efforts are expected to be
completed in FY 02.

Resear ch Plan Subissue: EXP.2.2
APG: Determinethe efficacy of variouswildlife species as sentinels (FY 04)
Objective: To select appropriate sentingl species for context-specific studies.

Significance/lmpact: To address the need to identify appropriate anima models for different
scenariosthat require testing - e.g., 1) representation of different life history strategies, 2) species
vagility with respect to exposure digtribution; 3) representation of multiple taxonomic and trophic
levels, 4) manipulability of speciesin laboratory tests; 5) avalability of basdine information; and 6)
the degree of distribution of a species.

Schedule: A number of research activities are underway as a result of previoudy announced
solidtationsthroughthe STAR extramurd grants programand someintramurd efforts. Theresearch
cutsacrossavariety of speciesinduding fish, birds, reptiles, and invertebrates. Another request for
proposas may be announced in the future, pending the outcome of these studies. Reports from
current studies are expected to be completed in the FY 03-FY 04 timeframe.

Resear ch Plan Subissue: EFF.5.3
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APG: Evaluate several classes of chemicals suspected of being endocrine disruptorsin
field studiesand ascertain the degr eetowhichthey ar e, or have the potential to, adver sely
affect wildlife at the population level (FY04)

Objective: 1) To develop and interpret measurement endpoints collected at lower leves of
biologicd organization that could be extrapolated into understanding impacts at population or
community levelsand 2) to use specific chemica classes to ascertain the degree to which EDCs
are, or have the potentid to adversely affect wildlife at the population level.

Significance/lmpact: One of the biggest unanswered questionsin assessments of ecological risk,
in generd, is the “So what?’ one. That is, what does it mean, in terms of a population or
community, to observe an adverse effect in an individud or groups of individud fish and wildlife
This research will improve the ability to quantify the sgnificance of effects observed at individud
levels, to impacts at alarger scde. Results of this research will not only be of value specificaly to
the issue of EDCS, but aso across ecological risk assessment, ingenerd. Thefied research in this
APG will complement results of the laboratory-based studies being conducted for the previous
APG. Callectively, datafrom these two APGs will provide us with much needed information for
between-chemica and between-species extrapolations.

Schedule: Researchinthisareawill have broader impact on ecologicd risk assessments than just
for EDCs. There are ongoing efforts within the intramurd program to address this APG such as
sudying the effects of retinoids in amphibians and effects of EDCS in South Florida wildlife
populations. This research is complemented by studies funded through the STAR program, as a
result of asolicitationspecificaly focused on population-leve effects. The extramurd research cuts
acrossavariety of gpecies, such asfish, dligators, anphibians, crustaceans, birds, and a variety of
chemicdsinduding PCBs, PAHS, tributyltin, and pesticides. The intramurd and extramurd efforts
are scheduled for completion by FY 04.

Resear ch Plan Subissue; EFF.5.2; aso to some extent EFF.4.1 and EFF.4.2

APG: Evaluate several classesof chemicals (e.g., triazines, phthalates, or ganochlorines)
suspectedof being endocrine disruptors and deter mine their potenciesinlaboratory studies
(FY0d)

Objective: To conduct laboratory studies on severa agreed upon classes of chemicals suspected
of being endocrine disruptors.

Significance/lmpact: To be able to definitdy understand the mechaniams of action, potencies,
dose-response reaionships of severa agreed upon classes of suspected EDCs. The research
addressing this APG isthe laboratory component of the complementary fidd studiesinthefollowing
APG and will help ducidate understanding potentia impacts on human hedth. Collectively, data
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from these two APGs will provide us with much needed information for between-chemica and
between-species extrapolations.

Schedule:  Efforts are underway through our intramural and STAR programs to conduct studies
inlaboratory animas ona number of environmental agents suspected of endocrine disruption, e.g.,
phytoestrogens, certain PHAHS, triazines, methoxychlor, dioxins, PCBs. This APGisexpected to
be addressed in FY 04.

Resear ch Plan Subissue: Related to EFF.3.1, EFF.3.4, EFF.3.5

APG: Determinethe critical biological factorsduring development resulting in toxicities
occurring later in life (FY 06)

See description under LTG 1.

APG: Determinetheextent towhich exposureto EDCscontributetotheonset or increase
in the severity of diseases (FYQ7)

Objective: 1) To determine the extent to which exposure to EDCs contribute to the onset or
increase in the severity of diseases and 2) to devel op adequate, validated anima mode s that would
enhance the ability to assess the potentia of EDCs to produce disease in human populations.

Significance/lmpact: 1) The extent to which EDCs induce or influence the emergence of
endocrine-rel ated disorders such as endometrios's, prostate and testicular cancers, functional mde
and femde reproductive disorders, and other diseases such as those of the cardiovascular,
immunologicd, or neurologica systems yet to be determined. 2) Once developed, the animd
modelswill be vauable to test hypotheses that low, environmentaly relevant doses of EDCs can
inducesmilar conditionsinhumans. Many of theissues surrounding EDCs center on the possibility
that these chemicals can lead to or predispose the organism to various disease states. Diseases
associated withthe endocrine systemimpact millions of Americansandtheirimpact ontheeconomy
isinthebillions of dallarsannudly. By gppropriately examining specific hypotheses raised in this
researchareaand deveoping better modds, informeation concerning the extent to whichEDCscan
induce or modify disease conditions will be provided.

Schedule: One of the biggest unanswered questions related to ED Csiswhether they areimpacting
human hedth. The development of anima moddls to test hypotheses could help us address that
guestion. There areafew limited ongoing efforts in this area within our intramura program. Since
this area has been identified by NHEERL as a key focus area it is anticipated that more research
will be conducted in the future. Given the current limited efforts and the complexity of the issue,
ggnificant impactsin this area are not anticipated until FY 07.
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Resear ch Plan Subissue: EFF.3.3
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APG: Determine whether adver se developmental/reproductive effects are occurring in
human populations following exposuresto EDCs (FY08)

Objective: To determine the extent to whichhumandevel opment/reproductionis being adversdy
affected by exposure to EDCs

Significance/lmpact: To addressone of the biggest unanswered questionsrelated to EDCs, that
IS, whether humans are being adversdly impacted by exposureto EDCs. Given that devel opment
and reproduction appear to be highly sengtive endpointsin laboratory anima and wildlife sudies
and that there are reported dterationsin particular endpoints (e.g., hypospadias, cryptorchidism,
perm quality), if any adverse effects are to be found, then evauating these endpoints in humans
appearsto belogical.

Schedule: One of the biggest unanswered questions related to ED Csiswhether they areimpacting
human health. Work under this areais, by nature, exclusvely through the STAR program.
Currently there are sx sudies that are digned with this APG |, five of which are the reult of an
FYO0O joint solicitation with NIOSH/CDC, NIEHS, and NCI The epidemiology studies are
examining the effects of exposures of a variety of environmenta contaminants on a variety of
endpoints. Specificaly they areevauating the effectsof: 1) PBBson puberty ingirls, 2) heptachlor
onreproductionand immune function, 3) phthalates on breast and genitalia development, 4) dioxin
onmde reproductive development, 5) organochlorinesand PCBs onendometrioss, and 6) PBDES
on thyroid function. The other federd partners are funding an additiona total of seven studies as
areault of thejoint RFA. Thisgroup of 12 grantsfrom the same solicitation will befollowed closdly.
Givenlengthof time to conduct studiesin human populations, Sgnificant impactsinthis areaare not
anticipated until at least FY 08.

Resear ch Plan Subissue: LNK.2.3; LNK.2.4
APG: Determine sources of exposure and environmental fates of EDCs (FY 08)

Obj ective: To determine the extent of environmenta and humanexposuresto EDCs, characterize
the sources and factors influenang these exposures, and develop and evauate risk management
Strategies to reduce exposures.

Significance/lmpact: It isimportant to understand the extent of EDC exposures and the factors
influendng the source-to-exposure-to-dose relationships in order to develop effective risk
management strategies. Gaining improved understanding regarding thefateand transport processes,
the interactions of EDCs fromthe sourceto the receptor, and collecting high quaity exposure data
for the development of multimedia, multi-pathway models are critica for ecological and human
hedth risk assessments. Application of newly-developed biologica indicators of exposure to the
study of components of mixtures offers the potentia to vaidate and refine these models.
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Schedule: Efforts are aready underway through our intramural program to identify key sources
of EDCs and characterize the extent of EDC exposures. Emphagisis being placed initidly on: 1)
contaminated sediments, 2) sources of combustion, 3) consolidated anima feeding operations
(CAFOs), 4) waste water treatment plants, 5) drinking water treestment plants, and 6) pesticide
gpplicaions. Biologica and chemicd indicators of exposure, developed under Long Term Godl 1,
are being gpplied to fidd studiesto characterize the spatia and temporal vatioationassociated with
these issue-related exposure scenarios. Characterization of children’s exposuresto EDCsis aso
being emphasized. Intramurd research on studying transport, transformation, and fate of EDCsin
environmental media is dso underway. A series of multimedia, multi-pathway modes are being
developed, evauated and refined to investigate the physcd, chemicd and metabolic processes
associated with environmenta exposures (e.g., sorption/desorption processes) and human
exposures (e.g., source-to-exposure-to-effects modules). Risk management strategies will be
developed and evauated for pecific sources of EDC exposures. The results of the exposure,
effects, and risk management researchwill be fully integrated. Research related to this APG will be
completed in FY08. It may be necessary to periodicaly review data as the knowledge base
increases to ensure that al state of the art information on the mgor sources are consdered in the
risk management research program.

Resear ch Plan Subissue: LNK .4.1; EXP.2.1

LTG 3 SUPPORT EPA’S SCREENING AND TESTING PROGRAM

The products of the research conducted under this LTG will result in the evaluation of current testing
protocols and the development of new ones to evauate the potentiad endocrine effects of environmentd
agents. Thisresearch is critica to OPPTS and OW in their meeting the Congressiond mandatesin FQPA
and SDWAA for development of a screening and testing program. Development of protocols will dso be
of vaueto other federd agencies, agencies in other countries, and internationd organizations, such asthe
OECD under which protocol development for indudtrid countriesare harmonized. Furthermore, research
under this LTG will result in the development of improved methods for risk assessment that will aso be of
particular vdueto OPPTS and OW, as wdll asto other EPA program and regiond offices, other federd
agencies, agenciesin other countries and the scientific community at large.

APG: Evaluate existing testing guidelines for their adequacy to evaluate endocrine
mediated effects (FY01)

Objective: To determine whether testing guiddines aready in place are adequate to evauate
chemicasfor their potentia to induce endocrine effects.

Significance/lmpact: To support the legidative mandates of the Food Quality Protection Act
(FQPA) and the Safe Drinking Water Act Amendments (SDWA) of 1996 that require EPA to
develop and implement a screening and testing program for endocrine disruptors.  Before
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developing new methods for evaluating the potentia of chemicalsto disrupt the endocrine system
it isimportant to eva uatethe exiding methodsfor their adequacy. Based on this assessment, either
additiona parametersmay be added to the existing protocols to better assess the potentid activity
of chemicasor, as noted in APGs below, new methods will need to be developed.

Schedule: Many of the exigting protocols, (e.g., for developmental toxicity, reproductive toxicity,
developmental neuratoxicity, neurotoxicity), have recently undergone a harmonization effort within
the Agency and withthe Organizationfor Economic Cooperationand Deve opment (OECD). Since
the enactment of FQPA, ORD’ s stientists have been evauating the existing protocols for human
hedth and wildlife and determining what, if any additiona parameters, could improve their ability to
detect potential endocrine disruptors.  Since this effort has been ongoing for severd years, it is
anticipated that this APG will be addressed in FYO1.

Resear ch Plan Subissue: EFF.2.1; EFF.5.1

APG: Develop standar dized protocolsfor screening chemicalsfor their potential endocrine
mediated effects to meet FQPA requirements (FY 06)

Objectives: To develop short-term methods to screen for EDCs with specific modes of action
(MOAS) and to develop quartitetive structure activity rdationship (QSARS) modds to serve as
screening/priority seiting tools.

Significance/lmpact: To support the legidative mandates of the Food Quality Protection Act
(FQPA) and the Safe Drinking Water Act Amendments (SDWA) of 1996 that require EPA to
develop and implement a screening and testing programfor endocrine disruptors. Thisresearchis
addressing the recommendations made by anadvisory panel (EDSTAC, 1998) convenedfollowing
the enactment of the legidation regarding the need for severa short-term in vivo and in vitro
mammdianand severa in vivo non-mammaianassays as part of a Tier 1 or screening battery. The
research leading to the development of protocolsis critical to the success of the Agency infuifilling
its Congressiond mandates to develop and implement a screening and testing program.  After the
development, standardization and vaidation, these screening and testing protocol s will be used not
only by the USEPA to requirethe testing of chemicals, but also internationdly through the OECD’ s
test guiddines program and possibly by other regulatory agencies. The process to develop and
implement screening and testing program has a high profile and the products will be closely
scrutinized by the US Congress, stakeholders, and the scientific community within the US and
internationdly.

Schedule: Because of thetimetables of the Congressiona mandates, theresearch for thisAPG has
been (since 1997) and will continue to be of highest priority until achieved in FY03. Thereisa
sgnificant amount of research ongoing intramurdly to addressthis APG - studies amed at findizng
the development of in vitro methods, in vivo studies, and QSAR approaches. Furthermore,

Page 32



ORD Multi-Year Plan for Endocrine Disruptors

NHEERL’s implementation plan identified this as afocus area, and, therefore, even greater effort
Is anticipated shortly. In addition, there are a number of projects through STAR (from early
solicitations) that are resulting in the development of potentia screensfor EDCs.

Research Plan Subissue: EFF.1.1; EFF2.1; EFF.5.1

APG: ldentify key risk assessment issuesand develop guidance for assessing endocrine
disruptors (FY06)

See description under LTG 1.

APG: Develop standardized protocolsfor testing chemicalsfor their potential endocrine
mediated effects to meet FQPA requirements (FY08)

Objectives: To develop Tier 2 level methodsto test chemicas for thar potentia to didt endocrine-
mediated effects.

Significance/l mpact: To support the legidative mandates of the Food Quality Protection Act
(FQPA) and the Safe Drinking Water Act Amendments (SDWA) of 1996 that require EPA to
develop and implement a screening and testing program for endocrine disruptors. Thisresearchis
addressing the recommendations made by EDSTAC (1998) regarding the need for Tier 2 testsin
a vaiety of species, i.e, mammdian, avian, fish, amphibian, and invertebrates. (See APG
immediately above for additiond information on Significance/lmpact.)

Schedule: Because of thetimetables of the Congressional mandates, theresearch for thisAPG has
been (snce 1997) and will continue to be of highest priority until achieved in FY05. Researchis
ongoing intramuraly to develop improved Tier 2 assays in fish, amphibians, and mammas
Furthermore, NHEERL ' simplementation plan identified this as afocus area, and, therefore, even
greater effort is anticipated shortly.

Research Plan Subissue: EFF2.1; EFF.5.1

APG: Computational Toxicology Program: Provide at least one computationa model for
ng endocrine disruptor compounds.

See description under LTG 1.

What the MYP says about the EDCs research program at a glance

Thereare atota of 21 unique APGsidentified in the EDCs MY P. The APGsfor the programare
arrayed acrossa twelve year period arting with FY 01 and ending with FY12. Thefirg threeyearshave
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only asingle APG each. Therearethree APGs scheduled for completioninFY 04, FY 06, and FY 07 each.
At present there are 5 APGs dated for completionin FY08, 2 APGsin FY09, and onein FY12. The
APMsaredigned by year and by Laboratory/Center starting in FY 00 and endinginFY 12. Those APMs
listed in FY'00-02 are ones that have been successfully completed. The mgority of the APMsaredigned
through FY 06 withjust afew scattered onesin later years. It is envisoned, as this process progressesand
the MY Pisupdated, that the later yearswill depict increasing numbers of APMss as has occurred witheach
of the annud revisonsthat hastakenplacesince FY00. The mgority of the current and projected EDCs
research program is concentrated in two aress. effects and risk management.

The effects rdated research is being conducted for both human hedth and wildife and is ongoing
intramuraly within NHEERL and extramurdly through the STAR program. Theemphasison theintramura
effects program is more related to human hedth and for the STAR program there is a baance between
human health and wildlife grants. Both the intramurad and STAR programs effects-related research are
addressing dl three Long-Term Goas and thelr associated APGs. The complementary research in these
programs will go along way to helping us make a sgnificant impact in the critica areas under which these
programs are digned. These programs have been ongoing for anumber of years, and, therefore, achieved
anumber of Milestonesin FY 00 that merited incluson when the MY P wasfirs developed. Becausethe
effectsissues are many and are so complex, research to addressanumber of the LTGswill be ongoing for
quite afew years, a least through FY 12.

The risk management research program is an intramural program with NRMRL which has been
phasing in for the last few years. One APM was achieved in FY0O0 and FYOl andtwoin FY02. After
that, on an annud basis, there are increasing numbers of APMsthat will be achieved across a number of
APGsthat addressLTGs 1 and 2 and specificaly areas associated with sources of exposure and managing
unreasonable risks. Severa sourcesof EDCshave beenidentified on which to focusthe near term research:
contaminated sediments, sources of combustion, CAFOs, waste water trestment plants, and drinking water
plants. Asresearch progresses toward identifying and perhaps devel oping methods to mitigate exposures
from these sources, new sources will be identified and, thus, the program will be continudly maintained
through at least FY 09. Among the federa agencies participating in the CENR working group, EPA stands
virtudly donein the area of risk management research.

EPA mugt demondtrate a strong leadership role in designing and conducting relevant exposure
research for the foreseeable future. EDC exposure research gppears as a high priority data gap on every
notable organization’slig. High qudity, rea world exposure data and corresponding exposure factors are
deemed criticd for the Agency’s risk assessments. Prior to FY03, NERL’s EDC exposure research
program focused on: 1) deveoping field exposure methods, 2) the collection of exposure dataand critica
exposure factors associated with children’s exposures to EDCs, and 3) the development of multimedia,
multi-pathway models to assess ecol ogica and human exposures. Some APM s associated withthis earlier
exposureresearchwere completed in FY 00-02, withmore being completed in FY 03 and beyond. NERL,
working collaboratively withthe other ORD laboratories and centers, has redefined itscurrent programand
designed an integrated EDC exposure research program to effidently and effectively employ the limited
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EDC resources to address the highest priority science issues. The NERL program leverages on other
ORD laboratory/center EDC research programs, planned Federal Agency-sponsored programs containing
EDC research components (e.g., Nationa Children's Study, NHANES), and on relevant exposure
research activities outlined in MY Psfor Safe Food, Safe Communities, Human Hedlth Risk Assessment,
and Ecosystem Protection. A strong NERL and NCER reationship will be established to successfully
employ the extramural STAR grant program to address critical exposure-related data gaps that cannot be
addressed soldy with the intramural resources.

Thereisan extremdy limited effort underway in the area of risk assessment guidance, guiddines,
and methods development. Greater emphasis needs to be placed in this area in order to have the tools
necessary to be able to integrate effects and exposure data related to human heath and the environment.
Asour intramurd and extramura programs are generating results and datastart comingintothe Agency from
the screening and testing program, we need to be able to have methods available to integrate the findings.
Further, the efforts needed inthe areaof ED Csare ones that will have far reeching effectsbeyond just EDCs
in terms of how the Agency conducts risk assessments for human hedlth and wildlife. EPA has shown
leadership for dmost 20 years in the development of risk assessment guidance and here they have the
capability to push the science even further.

V1. GUIDANCE FOR IMPLEMENTATION OF MULTI-YEAR PLAN

Because of the breadth of uncertainties associated withthe endocrine-disruption hypothes's, effective
implementation of this multi-year plan requires extensive coordination and communication among the
research managers in ORD, and continued involvement of an ORD Multi-Year Planning Committee, to
ensure that the most rdevant and defensible research projects are selected for funding. Several key
components will hep ensure the success of an integrated research program for endocrine disruptors that
implements the multi-year plan:

Intramural Coordination:

« Theindividud Nationd Laboratories and Centers, if they have not done so dready, should develop
Implementation Plans for addressing the research activities identified in the Research Plan and the
multi-year plan.  These Implementation Plans should be reviewed by the ORD Multi-Y ear Planning
Committee for their ability to provideausegful and integrated research output to the Progranm/Regiond
Offices.

» Fortheintramurd research, it is presumed that investigator-initiated responses to interna (either ona
laboratory or center bass or across ORD) requestsfor applications (RFAS) that are derived from the
Research Plan, the Multi-Year Plan, and individud |aboratory/center Implementation Plans, will
providethe basis for the coordinated ORD research effort inendocrine disruption. Theprocessshould
be amilar and pardld to that aready being used for thelast 7 yearsin the STAR program.

»  Coordination within the intramural program is especidly important for research that transcends
branches, divisons, laboratories, or centers. For example, combined field and lab and effect and
expaosure projects should require close collaboration among nearly every component of ORD.
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«  Annud reportsof progressand updeting of the multi-year planby each Laboratory and Center, under

the auspices of the multi-year planning committee, will facilitate the exchange of information within

ORD, assig in the directionof work to the highest priority areas, hep fine-tune the research directions

as new information from the program emerges, and importantly, communicate with EPA’s

Program/Regiond Officeson progressin understanding the nature and extent of the EDC problemand
solutions to address them.

Intramural and Extramural Coordination

»  Recognizing that integration of the intramural research programwith the extramurd grantsis crucid to
effective resource utilization, intramurd and extramura RFAs should be targeted to achieve both the
breadth and depth of bal ance needed to address the problems. The multi-year plan and the Research
Plan have identified those areas which are most amenable to being conducted either within our own
|aboratories/center or through the STAR program.

e Fromthe submissionsin response to intramura and extramural RFASS, projects should be sdlected for
funding on the basis of both scientific excellence and programmatic relevancy using criteria identified
in the Research Plan.

e Reaultsfrom both the intramura and extramura program should be integrated and assmilated into a
gate of ORD science assessment (SOOSA), that is updated routinely.

« Interactions between the recipients of the STAR grants and the intramura investigators involved in
endocrine disruptor research through such mechanisms as annua or bi-annua workshops should be
encouraged, as this would help exchange information and expand collaborations.
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VIII. ACRONYMS

ACC American Chemigry Council

APG Annua Performance God

APM Annua Performance Measure

ATSDR Agency for Toxic Substances and Disease Registry
CAFO Confined Animal Feeding Operation

CDC Centers for Disease Control and Prevention
CENR Committee on Environment and Natural Resources
CT Computationa Toxicology

DDT Dichlorodiphenyltrichloroethane

DES Diethyldtilbestrol

DOD Department of Defense

DOE Department of Energy

DOI Department of Interior

EDCs Endocrine Digrupting Chemicas

EDSTAC Endocrine Disruptors Screening and Testing Advisory Committee
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Environmenta Protection Agency
European Union
Food and Drug Adminigtration
Food Qudity Protection Act
Governments of the 8 leading nations

GEDRI Global Endocrine Disruptors Research Inventory

GPRA
IPCS
JRC
LTG
MOA
MYP
NCEA
NCER
NCI
NERL
NHEERL
NIEHS
NIOSH
NOAA
NRC
NRMRL
NSF
NSTC
OECD
ORD
OSTP
PAH
PBTK
PCBs
PCDFs
PHAH
QSAR

Government Performance and Results Act
Internationa Programme on Chemica Substances
Joint Research Centre

Long-Term Goa

Mechanism/mode of Action

Multi-Y ear Plan

Nationa Center for Environmental Assessment
Nationa Center for Environmenta Research
Nationd Cancer Indtitute

National Exposure Research Laboratory

Nationa Health and Environmenta Effects Research Laboratory
Nationd Inditute of Environmental Hedlth Sciences
Nationd Ingtitute for Occupational Safety and Health
Nationa Oceanographic and Atmospheric Agency
Nationa Research Council

Nationa Risk Management Research Laboratory
Nationa Science Foundation

Nationa Science and Technology Council
Organization for Economic Cooperation and Development
Office of Research and Development

Office of Science and Technology Policy
Polyaromatic Hydrocarbon

Physiologically Basad Toxicokinetic

Polychlorinated Biphenyls

Polychlorinated Dibenzofurans

Polyhaogenated Aromatic Hydrocarbon
Quantitative Structure Activity Relaionship

RFA Reguest for Applicaions

RM
RME
SDWAA
SOOSA
STAR

Risk Management

Risk Management Evauation

Safe Drinking Water Act Amendments
State of ORD Science Assessment
Science to Achieve Reaults

S&T Screening and Testing

TEF

Toxicity Equivdent Factor
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USDA US Department of Agriculture
WHO World Hedlth Organization

Page 39



ORD Multi-Year Plan for Endocrine Disruptors

APPENDI X
POTENTIAL ADDITIONAL RESEARCH

In the evert that additiona resources become available, the EDC research program would be
expanded to pursue additiond lines of research or accelerate the conduct of research aready captured in
the 2000-2012 timeframe. This new or accelerated research addresses the 10 critica questionsidentified
in the Research Strategy and fals within exising APGs digned within LTGs 1 and 2.

In the background section different methods, tools, and approaches are identified that would move the
EDCsprogramalot moreforward should additiona resources become available. Thesearenot prioritized
here but can be, based upon the amount of additional funds that may become available and the progress
madein the current program. The new or accelerated areas are digned under the APG(s) that would most
benefit from this research. In the application section that follows, a specific case study is identified where
we propose goplication of the methods, tools, and approaches to work in an integrated cross-
Laboratory/Center manner to work on ared-world Stuation.

BACKGROUND

APGs- Provide at least one computational modd for assessing endocrine disruptor compounds,
Determine degree to which effects of EDCs with defined mechanisms/modes of action can be
extrapolated across classes of vertebrates

Progress in the ability to sequence the human genome has led to a rapid development of |aboratory
methodsto profile the expresson of MRNAsand proteins. cDNA microarray and proteomicstechnologies
that assess gene expression on a genome-wide bass may provide a“globa” perspective about how an
organism responds to specific stressors, such as exposure to endocrine disruptors. This information can
define cdlular networks or response genes, identify target molecules or toxicity, provide future biomarkers
and dternative test procedures, and identify individua swithincreased susceptibility to endocrine disruptors.
Measuring specific changesingene expression in humans and other species that are exposed to endocrine
disruptorscould leadto a“sgnature’ for agivenpathway of toxicity. Comparison of effectsfromanima and
human assayswill permit adirect assessment of intergpecies extragpolation. Thisisimportant because there
Is dgnificant uncertainty about how to extrapolate data from many current in vitro assays and rodent
bioassays to humans.

The overdl approach of this research program will be to develop microarray technologies to assess
changes in expression of genesfor high priority target Stessuchas the estrogen or androgenreceptors. This
effort represents and is consistent with a part of the new Computational Toxicology research program as
it relatesto endocrine disruptors. Specific changesin gene expression in humans and other speciesexposed
to endocrine disruptor and other environmenta chemicaswill be evauated to identify patterns of changes
for a given pathway associated with endocrine disruption. Once these patterns of change have been
identified, more focused arrays will be developed to assessthe potentiad toxicity of chemicas in a rapid,
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prospective manner. This research could result in better interspecies extrapolation, greater confidence in
anima moddl s, areductioninthe number of animas needed for testing, and ingghtsinto pathways of toxicity
and mechanisms of endocrine disruption. Results fromthese studies could aso lead to the devel opment of
new tools for human exposure assessment. Using patterns of changes from genomic or proteomic studies
could help identify the agent and dose to which individuas or populations have been exposed. Surveillance
programs could result for humans and animas where exposure to and/or contamination by endocrine
disruptors are suspected.

Collaboration between intramural and extramura research scientists will be given a high priority.
Workshops involving ORD and extramura scientists will be needed to devel op principlesfor the selection
of appropriate endpoints to be included in microarrays. Basic research on microarray technology and
approachesto the Satistical andlyss of patterns of changes observed ingenomic and proteomic studieswill
be supported intramurdly, as wdl as by grants through the STAR program. Workshops involving ORD
scientists and regiona and programofficescientistswill aso be needed to explore approaches and principles
for the use of genomic and proteomic data in arisk assessment context.

APGs - Characterize sour ces of exposur e and environmental fates of EDCs; Evaluate exposure
methods, measur ement protocols,and modds for the assessment of risk management efficacy on
EDCs

There are limited quaity data describing real world ecological or human EDC exposures and/or the
key factorsassociated with these EDCs. All the research that has been done up to this point has been on
the chemigiry of selected EDCs. Biologicd activity has never been adequately tracked except insome very
focused source-biased studies. The relationships among chemicas and mixtures and their bioavailahility is
a complete unknown. As a result of these shortfals, risk assessors resort to using default assumptions
and/or mathematical outputs from exposure modd s that have not been evaluated withred world exposure
datato devel oprisk assessments and implement risk management strategies. Equally important, themgjority
of the contemporary EDC exposure research has been focused on address ng ether the ecol ogical or human
exposure methodol ogies and science issues, with few studies looking at the integrated ecol ogical to human
EDC exposure issue. However, the red world fate and transport of EDCs through the environment
ultimately impacts human exposures to EDCs.  Similarly, many humean activities result in increased EDC
exposures to the environment.

With additional resources, NERL plans initially to conduct a workshop to identify the key EDC
exposure issues (including maor routes, exposure factors, exposure to dose reaionships, etc.) and then
develop anintegrated ecologica and human exposure research study design to addressthe most important
issues. Nationdly and internationally recognized EDC exposure experts will be invited to atend this
workshop. ORD will take the workshop input and develop a draft integrated eco/human exposure study
design and conduct asmall scae exposure study to characterize the extent of EDC key factors influencing
ecologicd and human exposuresto EDCs. Theinitid tests of the study design will attempt to address the
highest priority issues and hypotheses, based on available resources and opportunities to collaborate with
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other EPA and federa agency programs. The results of this study will be used to upgrade the integrated
exposure study design in preparation for pilot testing.

The results of this additiond researchwill provide the scientific community key data characterizing the
extent of EDC exposures and the relationship betweenecol ogica exposuresand humanexposuresto EDCs.

APG - Identify key risk assessment issues and develop guidance for assessing endocrine
disruptors

The MY P for EDCs mug, in its fina measurement, be able to provide for proper evauation of EDC
risks. Developing guidance for EDC risk assessment is identified as high priority by program and regiond
officesto support thar risk management decisons. The god of this project areafor FY 06 is development
of a framework to improve integration of human and ecologica information on EDCs into Agency risk
assessments. Thissupportsthe ORD MY P whichcdls for case studies that integrate health and ecologica
exposures and effects, followed by aframework for risk assessment, and finally a guidance document.

Assessment research mugt consder the mgor scientific uncertainties in the potentid hedth and
environmentd effects of EDC through understanding of results from multiple in vitro and in vivo assay
systems, and new scientific gpproaches (e.g., genomics), on multiple hormone sysems in multiple species.
Information and results from effects, exposure, and risk management intramura and extramurd programs
will feed into this research area

Current ongoing researchisfocused onidentificationof issues critical to EDC risk assessment, and on
developing case studies which congder integration of human hedlth and ecologicd datain hazard and risk
assessment. The case study projects (FY 01, 02) focus on key EDCs as examplesto exploreincorporation
of EDC-reated testing datainto hazard and risk assessment. This provides background for devel opment
of an assessment framework to improve integration of human hedth and ecologica assessment. However,
current funding and gaffing isinadequate to provide a concentrated focus to addressthe increased dataand
research on EDCs. This has limited activity to two case studies and basic evauation of risk assessment
decisonpointsimportant to EDCs. A proposd for evauation of biomarkers common to environmenta and
human species was delayed to FY 04 to utilize information from grants (NCER), since there was too little
funding to initiate work interndly. While much of the development work for the framework will be done
within ORD due to potentia policy implications, fundingfor intra- and extramural scentific consultations and
collaboration, indudingworkshopsand peer reviews, will be necessary to assure proper development and
acceptance of Agency assessment approaches. Additiona resourceswill dlow development work on the
framework to sart earlier and improve our ability to meet APG/APM deadlinesin this project area.

Successful completion of the Agency’ s activities under this GPRA objective will provide the Agency
with a consstent gpproach which supports domestic and internationa EDC risk assessment activities and
supportseffective prioritizationof environmenta exposure determinations and risk management researchand
solutions.
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APGs - Evaluate at least three existing risk management tools to reduce exposure to EDCs,
Develop at |east two newr isk management tools to reduce exposur e to EDCs; Evaluate exposure
methods, measurement protocols, and models for the assessment or risk management efficacy on
EDCs

New risk management research will provide a greater understanding of sources of EDCs and our
ability to remove EDCs from various environmental media. Specificaly, new researchwill dlow a greater
understanding of wastewater trestment of EDCs, the fate of ED Csin sediments, the efficacy of conventiond
and innoveive drinking water treetment processes to remove EDCs, and the development of tools for
pollution prevention.

Firgt, ongoing research on understanding the fate of EDCsin conventiond municipa sewage trestment
plantswill be expanded to investigate other common sewage trestment plant designs. Specificaly, theability
of septic systems and constructed wetlands to treat EDCs (e.g., dkylphenolic compounds and steroid
hormones) will be studied. Approximately 30% of U.S. households use some form of on-site sewage
treatment such as septic systems. Also, as urban sprawl continues, suburban communities are increasingly
employing decentralized (smal-community) wastewater trestment systems such as constructed wetlands.
The ability of septic systems and congtructed wetland to treet EDCsis virtudly unknown. Thiswork will
gather informationonthe treatability of EDCs by these common waste trestment systems and develop new
tools to enhance these treatment as needed.

Second, work will commence to evduate the ability of conventional and innovative drinking water
trestment processestoremove EDCsfromsourcewater. Certain EDCs such asakyl phenolic compounds,
geroid hormones, and bisphenol A have been observed in surfacewater. Inaddition, thereare preliminary
observations of these compounds in finished drinking water. The ability of trestment systems to remove
these compounds is virtudly unknown. This work will evauate the ability of conventiona trestment
processes such asfiltration, coagulation and sedimentation, to remove EDCs. Conventiond treatment can
beamendedwithvarious innovative processes such asgranular activated carbonand membrane separations.
This new work will aso determine the efficacy of removing EDCs with these innovative treatment systems.

Third, new work will determine if naturd processes in EDC-contaminated sediments can control
exposure of aquatic wildife to EDCs. Hydrophobic EDCs that exit sewage treatment plants such as
akylphenolic compounds will partition to aquatic sediments. Thisnew work will evauate the naturd ability
of biologicad and chemica processes in sediments to transform EDCs into innocuous products. Sediments
that cannot remove EDCs will accumulate these chemicals causing long-term exposure to aguatic wildlife.
Thiswork will generate a portion of the information needed to manage the risk of EDCs associated with
sewage trestment systems by devel oping an understanding of the ability of natural processestomangeEDCs
released into the environmen.

Fourth, pollution prevention (P2) approaches will be developed in this new work. Many known or
likely EDCscontinue to be produced and used inindustrid products. For example, alkylphenol ethoxylates
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continue to be used as domestic and industrid detergent, phthal ate esters continue to beused as pladticizers,
and bisphenol A continues to be a building block in certain plastics. This new work will involve two
components: (1) the adaptation of existing P2 software that will identify substitutes for EDCs that possess
the desired chemicd properties, and (2) development of an advanced quantitative structura activity
relationship (QSARS) that will eva uate the endocrine activity of the proposed chemica subgtitute. Thenew
work will be gpplied initidly to searching for subgtitutes for phtha ates that are not estrogenic.

The completion of this new work will ddiver important risk management information to key
environmental stakeholders. The Office of Water, state and loca environmenta agencies, and the public
will use the results of this work to develop risk management strategies for EDCs associated with sewage
treatment and drinking water sources The P2 work will providethe Agency and interested industries tools
to propose or devel op substitute chemicals for EDCs that are currently produced.

As noted previoudy, in the section that follows, a specific case study is identified where we propose
application of the methods, tools, and approaches identified in the Background section to work in an
integrated cross-Laboratory/Center manner on a red-world dtuaion. Depending on the amount of
additional resources that may become available, a decison will be made to ether propose one or more of
the areas identified above or the following integrated case study, where every ORD |aboratory/center has
arole on asngle environmenta problem.

APPLICATION: CASE STUDY-

Integrated Concentrated Animal Feeding Operations (CAFOs) Project: Associated Impacts on
Human and Wildlife Populations and Risk Management Options

The Office of Water is atempting to control nutrient, sediment, and chemica run-off from concentrated
animal feeding operations (CAFOs) through NPDES permits and Effluent LimitationGuidelines. CAFOs
and the production of large volumes of anima waste are mgor environmenta concerns facing every EPA
Region. Stressors of increasing concern include veterinary synthetic estrogens and androgenic steroids
associated withanimd productionaswdl as natural hormones.  Natura estrogenic and androgenic Seroids
and thair excretion products are found inanimd urine. Studiesin Europe have shown that natura estrogenic
substances, such as estradiol, when released to waterways may cause adverse effects on aquatic species.
Also gynthetic steroids, such as the synthetic androgen trenbolone, are widely used in anima feed
operationsinthe US. Based on sudies published by European researchers, this synthetic steroid, and its
metabolites, are perastent in the environment. NHEERL studies established that trenboloneisapotent in
Vvivo reproductive toxicant in fathead minnows, and in vitro mammalian and fish cdl line gudies have dso
confirmed it acts as an androgen receptor agonist. Preliminary, unpublished field studies conducted by the
USFWS in the mid-west suggest an association between cattle feedlots that employ trenbolone and
dterations in the condition of naturaly occurring fathead minnow populations
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Theimpact of these stressorson surface waters, groundwater, sediment, agquatic ecosystems, wildlife, and
humansislargdy unknown. In addition, thereis limited information available on the reduction in risk that
will result from the changes in anima waste management described in the revisons to CAFO regulations.
While other Federal Agencies are dso working on thisissue, the fact that this is a high profile regulatory
issue for EPA dictatesthat EPA should be providing leadership in thisarea. Other Agencieswithwhomwe
are dready cooperating with or planning to cooperate with on CAFOs include USDA, USGS, FDA, and
CDC. The convergence of a high profile regulatory program with a multi-disciplinary scientific chalenge
establishes an excdlent case study to demonstrate ORD’s ahility to integrate its capabilities across the
L aboratories Centers and engage scientistsfromthe program and regiond offices, other Federal Agencies,
and academiato work collaboratively to solve a Sgnificant Agency concern.

This proposed research program responds to a critica, emerging regulatory chdlenge, by: 1) establishing

techniques to quantify and characterize the magnitude and extent of human and wildlife population effects

and causes of imparment by multiple chemica stressors caused by CAFQOs, 2) deveoping improved
methods for integrated human and ecological risk assessments, 3) determining the efficacy of proposed

CAFO waste management schemes, and 4) deveoping new risk management options for stressors from

CAFOs. The integrated research would include:

e Combining andyticd chemistry and molecular science capabilities to develop biologica ly-based
diagnogtic techniques to establish toxicity identification, evaluation protocols, isolation of natural and
gynthetic hormones, veterinary pharmaceutical agents, and pathogens in feedlot effluent. (NHEERL,
NERL, NRMRL, NCER)

« Devdoping a draft integrated eco/human exposure study design and conducting exposure studies to
characterize the extent of key factorsinfluencing ecologica and human exposuresto nutrients, endocrine
disrupting chemicas (EDCs), other environmentd chemicasinduding veterinary pharmaceuticas, and
pathogens at the locdized level. Evauating the potentid for regiond scale impacts with remote sensing.
(NERL, NCER)

o Quantifyingdoseresponserdationshipsfor adverse reproductive, and other toxic effectsto refine hedth
and ecologica risk assessments. (NHEERL, NCEA, NCER)

» Usng these data as a practical case study supporting the development of Agency risk assessment
guidelines EDCs which integrate human and ecologica information. (NCEA)

«  BEvdudingthe ability of conventional and innovetive wastewater trestment processesto remove CAFO
stressors to groundwater and surface water in order to reduce impacts to source water and offer
management options for effluent control and pollution prevention. (NRMRL)

»  Sponsoring a solicitation for competitive grants with universties that would link the intramural and
extramurd scientists and, thus, significantly expand the scope of sdientific investigations and promote
partnerships with state and local agencies(e.g., through land grant universtiesand extension programs)
charged to manage feeding operations. (NCER)
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TABLE 1.

LONG TERM GOAL 1. Provide a better under standing of the science underlying the
effects, exposur e, assessment and management of endocrine disruptors

ANNUAL PERFORMANCE GOALSAND MEASURES YEAR LAB/
CENTER
APG - Characterizethe effects of exposureto multiple EDCs, in | 2003 ORD

various combinations such asthose with smilar and different
mechanisms of action

APM | Determination of the mechanism(s) by which developmentd 2001 NHEERL
exposure to PCBs disrupts thyroid hormones to produce
ototoxicity, characterization of the effects of exposure to
mixtures of PHAHs and determination of whether non-AH
receptor mechanisms underlie the neurotoxicity of some

PHAHSs

APM | Report on effects of early developmental exposure to 2002 NCER
endocrine disrupting pesticides on reproductive function in
adults

APM | Report on lab and field analysis of mechaniams by which 2003 NCER

tributyltin, done and in combination with 3
methylcholanthrene, causes pseudohermaphroditism in marine

gastropods

APM | Report on the effects of mixtures of dioxin-like chemicason 2003 NHEERL
220 development in the rat

APG - Determine the shape of the dose-response curvein a 2005 ORD
variety of species exposed to ambient levels of EDCs

APM | Conduct in vitro studiesto determine the dose and time 2000 NHEERL
response rel ationships between exposure to chlorotriazines,
dterationsin the CNS and changes in pituitary hormone
secretion
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APM | Report on effects of pre- and peri-natal exposures to PCBs 2001 NCER
on the metabolism of estrogens and androgens and on the
ability of methoxychlor to cause reproductive toxicity a
environmentaly relevant levels of exposure

APM | Conduct in vivo studies to determine the dose and time 2001 NHEERL
response relationships between exposure to chlorotriazines,
dterationsin the CNS and changes in pituitary hormone
secretion

APM | Evdudion of toxicant-induced dterations in mammalian 2001 NHEERL
reproductive devel opment to compare dose response
relationships, critical periods of exposure, in vivo tissue levels
of the active toxicant and in vivo and in vitro mechanisms of
action

APM | Evdudtion of the effect of chlorotriazineson theovulaiory LH | 2001 NHEERL
surge and their potentid disruption of pregnancy

APM | Determine dose-responses for glucocorticoid and thyroid 2002 NHEERL
hormone disruption during chemically induced cancer in
rodents

APM | Evduate dose metrics for developmenta toxicants for usein 2002 NHEERL
low dose extrapolations

APM | Report on analysis of effects of low, environmentdly relevant 2003 NCER
exposure to EDCs during fetal development on progtetic
growth a different stages of the life cycle

APM | Report on the effects of mixtures of dioxin-like chemicason 2003 NHEERL
220 development in the rat

APM | Report on dose-response effects of EDCs that affect thyroid 2004 NHEERL
26 homeostasis as a target

APM | Report on dose-response effects of EDCs acting by 2004 NHEERL
27 androgenic or anti-androgenic activity

APM | Announce RFA soliciting research to characterize exposures 2004 NCER
to EDCs and determine the effects of low, ambient leve
exposuresto EDCs

APM | Report on the effects of chloroatrazines and metabolites on 2005 NHEERL
puberta development in rats
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APG - Identify key risk assessment issues and develop 2006
guidance for assessing endocrine disruptors

APM | Complete one case study resulting in integrated human hedth 2001 NCEA
and ecologica assessments for selected classes of EDCs

APM | Produce aworkshop report for the EDSTAC screening 2001 NCEA
process for EDCs and determine gpplication of EDSTAC
testing program for chemical hazard and risk assessment

APM | Framework for conducting human hedlth and ecologicad dose- | 2004 NCEA
response assessments for classes of EDCs at environmentally
relevant concentrations

APM | Develop an integrated hedlth and ecological risk assessment 2006 NCEA

guiddine for EDCs

APG 118 - Determine critical biological factorsduring 2006
development resulting in toxicities later in life

APM | Report on effects of pre- and peri-natal exposures to PCBs 2001 NCER
on the metabolism of estrogens and androgens and on the
ability of methoxychlor to cause reproductive toxicity a
environmentaly relevant levels of exposure

APM | Report on andyss of the mogt sengitive developmenta stages | 2001 NCER
in birdsto EDCs
APM | Determination of the mechanism(s) by which developmentd 2001 NHEERL

exposure to PCBs disrupts thyroid hormones to produce
ototoxicity, characterization of the effects of exposure to
mixtures of PHAHs and determination of whether non-AH
receptor mechanisms underlie the neurotoxicity of some
PHAHSs

APM | Evdudion of toxicant-induced dterations in mammalian 2001 NHEERL
reproductive devel opment to compare dose response
relaionships, critical periods of exposure, in vivo tissue levels
of the active toxicant and in vivo and in vitro mechanisms of
action

APM | Determine whether GABA-A receptor activation playsarole 2001 NHEERL
in endocrine mediated developmenta neurotoxicity
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APM | Evdudion of the effects of increasing serum prolactin levels 2001 NHEERL
inrats prior to puberty on laterd progtate inflammation at 120
days of age

APM | Report on andysis of the ability of phytoestrogens (at human 2002 NCER

intake levels) to dter the normd sexudly dimorphic
development of the brain, behavior, and neuroendocrine
control of reproduction in rats

APM | Report on identification of the mogt critical sagein thelife 2002 NCER
cycle of quail to the effects of endocrine disruptors

APM | Report on effects of exposure to EDCs during early critical 2002 NCER
stages of embryonic development and the appearance of
progetic abnormditiesin later life

APM | Report on effects of early developmental exposure to 2002 NCER
endocrine disrupting pesticides on reproductive function in
adults

APM | Development of a method to assess potentid hedlth risks 2002 NHEERL
associated with exposure to EDCs which are developmental
toxicants

APM | Evduation of dose metrics for developmentd toxicantsfor use | 2002 NHEERL
in low dose extrapolation

APM | Evduation of the effects of atrazine on the femde 2002 NHEERL
reproductive system following lactationd exposure

APM | Examination of the effects of developmenta exposure to both 2002 NHEERL
gynthetic thyroid inhibitors and environmenta pollutants with
potentialy smilar thyroid activity on the ontogeny of learning
and memory in rodent modds

APM | Report on analysis of effects of low, environmentadly relevant 2003 NCER
exposure to EDCs during fetal development on prostatic
growth at different sages of the life cycle

APM | Report on andysis of effects of adolescent exposure to 2003 NCER
methoxychlor in rhesus monkeys on subsequent reproductive,
immunologicd, brain, and skeletd function during puberty

APM | Report on analysis of effects of EDCs on growth factors and 2003 NCER
receptors that control growth and development of the testis
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APM | Report on methods to assess endocrine disruptorsin pubertal 2003 NHEERL
118 mae and femderats

APM | Report on the effects of mixtures of dioxin-like chemicas on 2003 NHEERL
220 development in the rat

APM | (Further) Examination of the effects of developmentd 2003 NHEERL
exposure to both synthetic thyroid inhibitors and

environmenta pollutants with potentialy smilar thyroid activity
on the ontogeny of learning and memory in rodent modds

APM | Report on dtered growth patternsin reproductive tissue in 2003 NHEERL
221 animals prenataly exposed to dioxin

APM | Report on dose-response effects of perinatal exposure to 2004 NHEERL
28 EDC-active pesticides and immunocompetence

APM | Evdudion of the effects of arazine on the femde 2004 NHEERL
29 reproductive system following prepuberta exposure

APG 119 - Deter mine degr ee to which effects of EDCswith 2007 ORD
defined mechanisms/modes of action can be extrapolated acr oss
classes of vertebrates

APM | Report on the molecular mechanisms underlying estrogen 2000 NCER
receptor functionsin ER knockout mice

APM | Report on comparaive anadysisin mice, fish, birds, and frogs 2002 NCER
of the endocrine disrupting activities of PCBs and PAHs at
the molecular level (estrogen receptor) and at the tissue and
organ levels

APM | Determine relevance of rodent thyroid hormone assay for 2002 NHEERL
other species, including amphibians, birds, and fish

APM | Report on comparative developmenta toxicology sudieswith | 2003 NHEERL
222 native and non-native amphibian species exposed to EDCs
with established mechanisms of action

APM | Report on effects of EDCs on aromatase activity in multiple 2004 NHEERL
30 species

APM | Report on molecular methods to identify androgenic and anti- 2004 NHEERL
31 androgenic effects of EDCsin multiple species
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APM | Report on structure activity relationships, in vitro, and in 2004 NHEERL
32 vivo moddls to assess reproductive effects of EDCsin small
fish modds
APM | Report on aguatic models to define toxicity pathways as a 2006 NHEERL
basis for extrapolation across species and biologica levels of
organization
APM | Report on molecular methods to characterize endocrine 2006 NHEERL
disrupting effects of environmenta chemicals
APG - Evaluate exposur e methods, measurement protocols, and 2008 ORD
modelsfor the assessment of risk management efficacy on
EDCs
APM | Develop a protocol for conducting an exposure analysis 2004 NERL
83 for children that includes all relevant pathways (also in

Safe Food and Human Health MYPS)

APM | Develop a second generation aggregate exposure model 2004 NERL
216 | (SHEDYS) for pesticides that characterizes uncertainty and
variability in model inputs and outputs (also in Safe Food
and Human Health MYPs)

APM | Characterize the ratios of different forms of 2004 NERL
127 organophosphates and other widely used (and growing
mar ket share), non-persistent (i.e., more generally toxic)
pesticides in environmental and food samples (alsoin
Ecosystem Protection MYP)

APM | Develop a prototype sour ce-to-exposure-to-dose modeling | 2004 NERL
30 framework that enables the complex computation for

human exposure modeling (also in Safe Food and Human

Health MYPs)
APM | Analysisand report on factors for children’s exposureto 2004 NERL

33 pesticides that may lead to high-level, short-term
exposure to pesticides (also in Safe Food and Human

Health MYPs)
APM | Initiate Follow-on children’s xxposure study to 2004 NERL
37 characterize aggregate exposures for selected pesticides,

EDCs, and persistent pollutants (also in Safe Food and

Human Health MYPs)
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APM | Peer-reviewed design for field study to evaluate protocols | 2004 NERL
34 for obtaining reliable data on children’s exposure to
pesticides, EDCs, and other persistent pollutants (also in
Safe Food and Human Health MYPs)

APM | Report on application of EDC detection methods to risk 2004 NERL
201 management strategies for aquatic ecosystems
(also in Ecosystem Protection MYP)

APM | Report on presence of estrogenic and androgenic 2004 NERL
271 substances in effluents from concentrated animal feeding
operations (also in Ecosystem Protection MYP)

APM | Use of minnow vitellogenin gene expresson methods for 2004 NERL
272 monitoring and detection of estrogenicity from PCB
contamingtion in Lake Hartwell

APM | SOP for abioassay of estrogenic activity adapted to risk 2004 NRMRL
management applications

APM | Report on andytic method to monitor naturd and synthetic 2004 NRMRL
hormones associated with risk management of CAFOs

APM | Report on andytic method to monitor natura and synthetic 2004 NRMRL
hormones for the characterization of wastewater trestment
plants

APM | Technica report - bioavailability of two or three sdlected 2005 NERL
chird pesticides with EDC properties

APM | Development and evauation through targeted pilot sudies of 2005 NERL
andytica methods for akylphenal ethoxylates with EDC
properties

APM | Development and evauation of DNA microarray methods for 2005 NERL

diagnostic characterization of select EDCs and other model
environmental stressors

APM | Provide OPPTS, Regions and States with evaluated method 2005 NERL
for characterizing exposure to two or more suspect EDC
metas
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APM | Report on integrated EDC field study of EDCs from 2005 NERL
concentrated animal feeding operations - NERL molecular NRMRL
diagnogtics and andytical chemistry - NHEERL toxicity and NHEERL
effects measurements - NRMRL risk management technology
evauation

APM | Innovative, low burden exposure research tools 2005 NERL

supporting the design and implementation of the National
Children’s Study (also in Human Health MYP)

APM | Provide an updated toolbox of improved data, methods, 2005 NERL
algorithms, exposure factors, etc. for modeling young
children’ s aggregate exposures to pesticides and other
key environmental contaminants (also in Air Toxics, Safe
Food, Safe Communities, and Human Health MYPS)

APM | Report on genomic analyses of exposure of fathead 2005 NERL
minnows to binary and ternary chemical mixtures (alsoin
Ecosystem Protection MYP)

APM | Provide NHEERL, OPPTS and the scientific community with 2006 NERL
an evauated method for characterizing chlorotriazine
exposure in tissues

APM | Development and evauation of innovative andyticd and 2006 NERL
sampling method for assessing exposures to one or two EDC
suspected phthaates

APM | Report on development and evaluation of biologica indicators | 2006 NERL
of exposure of severd teleosts and invertebrate organismsto
model EDCs

APM | SOP for abioassay of androgenic activity adapted to risk 2006 NRMRL
management applications

APM | Provide the Regions and States with evaluated exposuretools | 2007 NERL
and documentation for their use in assessing the efficacy of
remediation technologies for EDCs

APM | Evauated and upgraded EDC compartmental model 2007 NERL
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APM | Demonstrate the use of NERL’s human exposure 2008 NERL
modeling tools and databases to characterize and assess
young children’ s exposures to pesticides and other
environmental contaminants (also in Human Health
MYP).

APM | SOP for abioassay of thyroid-endocrine activity adapted to 2008 NRMRL
risk management gpplicaions

APG - Provide at least one computational model for assessing 2008
endocrine disruptor compounds

APM | Announce RFA for the development of HTPS for prioritizing 2003 NCER
chemicals for testing for potentia endocrine disruption

APM | Announce RFA for incorporation of computational methods, 2003 NCER
through the use of systems biology approaches, in hazard
identification and risk assessment

APM | Report on the linkage of genomics-driven exposure indicators | 2005
to effectsin fish exposed to androgenic compounds

APM | Report on roles of pharmacokinetic and pharmacodynamic 2005
factorsin dose-response and relative potency for compounds
with endocrine activity using computationa methodologies

APM | Evduae onein vitro technique for assessment of 2005 NHEERL
geroidogenesis

APM | Publish database on binding affinities of chemicdsfor the 2005 NHEERL
estrogen receptor

APM | Report on the use of genomic data to vaidate the output of 2006
PB/PK/PD modelsin fish

APM | Report on the use of computationa techniquesto evauate 2006 NHEERL
endocrine disruptor effects on GnRH

APM | Edablish database for non-pesticide chemicas from industria 2006 NHEERL
sources to develop and refine amodd for interspecies
extrapolation

APM | Report on ahigh throughput zebrafish embryo gene 2007 NCER

expression system for screening EDCs
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APM | Report on amechanistic approach to screening chemicas and 2007 NCER
mixtures for endocrine activity usng an invertebrate model

APM | Report on development and gpplication of a bioluminescent 2007 NCER
yeast-reporter system for screening chemicas for estrogenic
and androgenic effects

APM | Report on developing high throughput screening approaches 2007 NCER
for prioritizing chemicas for the EDSP

APM | Egablish database for inorganic chemicas from industria 2007 NHEERL
sources to develop and refine amodd for interspecies
extrapolation

APM | Report on molecular endpoints to be used in extragpolation 2008 NHEERL
modds of effects of industrid chemicasin fish

APG - Identify risk management EDCsresearch 2008 ORD

APM | ldentify RM research needs from draft Risk Management 2000 NRMRL
Evdudion (RME)

APM | Complete revison of RME for first round of EDCs of 2001 NRMRL
concern

APM | Revison of RME for second round of EDCs of concern 2005 NRMRL

APM | Revison of RME for third round of EDCs of concern 2008 NRMRL

APG - Evaluate at least three existing risk management toolsto | 2009 ORD

reduce exposureto EDCs

APM | Report describing the efficacy of conventiond treatment of 2003 NRMRL
geroid hormones and akylphenol ethoxylates in sawage to
support ORD efforts to further characterize and manage EDC

risks

APM | Report on emissions of suspected EDC compounds from 2003 NRMRL
combustion sources to support ORD efforts to further
characterize and manage EDC risks

APM | Interim progress report on the treatability of selected 2003 NRMRL

endocrine disrupting chemicals as requested by the Office
of Water (also in Drinking Water MYP)
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APM | Report on the reduction in suspected EDCs achievable 2004 NRMRL
using existing manure management practices at CAFOs
(also in Water Quality MYP).

APM | Report on performance of dudge digestion on reducing 2005 NRMRL
suspected EDCs in biosolids

APM | Report on the drinking water treatability of sdlected 2005 NRMRL
reproductive hormones

APM | Report on the ability of natura processes to manage 2005 NRMRL

edtrogenic akylphenolsin aguatic sediments

APM | Report on the reduction of EDCs achieved by current 2006 NRMRL
biosolids management practices for Class A and Class B
materials (also in Water Quality MYP)

APM | Report on the fate of other EDCs in wasteweter treatment 2007 NRMRL
plants

APM | Report on fate of EDCsin septic systems 2007 NRMRL

APM | Report on the ability of natura processes to manage steroid 2007 NRMRL
hormonesin aquatic sediments

APM | Report on drinking water treatability of selected EDCs 2007 NRMRL
(surfactant degradation products) (alsoin Drinking
Water MYP)

APM | Determine treatability of selected additional EDCs (also 2009 NRMRL
in Drinking Water MYP)

APG - Develop at least two new risk management toolsto 2009 ORD

reduce exposureto EDCs

APM | Report on optimizing wastewater trestment plant operation 2005 NRMRL
for removing steroid hormones and akylphenolic EDCs

APM | Report on amethodology to predict potential endocrine 2005 NRMRL
activity using shape sgnatures for usein pollution prevention
tools

APM | Report on the potentid of biodegradation to remove 2006 NRMRL

hormones from groundwater associated with CAFOs
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APM | Publish apollution prevention computationa tool that suggests | 2006 NRMRL
substitutes for EDCs
APM | Report on how to reduce environmental risk from 2007 NRMRL

synthetic and natural hormones emanating from CAFO
manure management systems (also in Water Quality

MYP)
APM | Report on optimizing septic syslems to remove EDCs 2009 NRMRL
APG - Develop systems modelsto test and predict 2012 ORD
vulner abilities of the neur oendocrine system to contaminant-
induced effects

APM | Report on dose-response effects of EDCs that affect thyroid 2004 NHEERL
26 homeostasis as a target

APM | Report on at least 1 procedure for measuring 2005 NHEERL
transgenerationa effectsin invertebrates to xenobiotics

APM | Provide report from workshop on current knowledge of 2005 NHEERL
testing for neuroendocrine toxicity pathways and systems

biology in aqueatic species

APM | Develop at least one approach for diagnosing mode-of-action | 2006 NHEERL
for endocrine-disrupting chemicalsin an amphibian model
using toxicogenomic/proteomic techniques

APM | Develop at least 1 technique based on toxicogenomic/ 2007 NHEERL
proteomic approaches as the basis for extrapolating across
smdl fish gpecies

APM | Report on generdized amphibian model for testing adverse 2008 NHEERL
developmenta effects associated with multiple endocrine

pathways

APM | Report on the use of genomic approaches and computational 2009 NHEERL
models to test for effects of contaminants on reproductive and
developmental processes in aguatic species

APM | Report on at least 1 modd to define toxicity pathways as a 2010 NHEERL
basis for extrapolation across vertebrate aquatic species
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APM | Report on linked systems models for predicting contaminant- 2011 NHEERL
induced effects in aguatic species arisng from multiple,
interacting endocrine pathways

Shading denotes APG and associated APMs appear in multiple LTGs
Italics denotes APM gppearsin multiple MY Ps

Page 58



ORD Multi-Year Plan for Endocrine Disruptors

TABLE 2.

LONG TERM GOAL 2. Determinethe extent of theimpact of endocrine disruptorson
humans, wildlife, and the environment

ANNUAL PERFORMANCE GOALSAND MEASURES YEAR LAB/
CENTER
APG - Develop field methodsto assess environmental 2002 ORD

exposuresin tissues and environmental compartments

APM | Interim reports on the development of user-friendly biologica 2000 NERL
measures of estrogenicity of pesticides and suspected EDCs
asatool for evauating their presence in water

APM | Journd article on describing entry of agriculture based 2000 NERL
pharmaceuticals into ecosystems

APM | Interim report documenting performance of confirmatory 2000 NERL
methods for toxic metalsin the fresh water and sediment
andyss

APM | Standard operating procedure of laboratory confirmation of 2000 NERL
trace elements in water, soil, and sediments

APM | Pilot sudy to test power of andytica methods for measuring 2001 NERL
suspected EDCs

APM | Journd article on speciation and detection of organotins from 2001 NERL
environmenta media

APM | Interim report on akylphenol methodology 2001 NERL

APM | Report to Regions 3 and 5 on akylphenol methodology 2002 NERL

APM | Report on preiminary results from EDC investigation of 2002 NERL
selected Neuse River sites

APG 121 - Deter mine efficacy of wildlife species as sentinels 2004 ORD

APM | Report on common markers for EDC effects in wildlife and 2004 NCEA
human sysems

Page 59



ORD Multi-Year Plan for Endocrine Disruptors

APM | Report on comparative growth and reproductive responsesof | 2004 NHEERL
34 invertebrate population to xenobiotics

APM | Report on the sengtivity and reproducibility of an estrogen- 2004 NHEERL
47 responsve shegpshead minnow cDNA mecroarray: fied
goplication and assessment

APM | Report on efficacy of wildlife species (e.g., fish, reptile, avian, 2004 NCER
invertebrate species) as sengtive indicators of endocrine
disrupting effects of chemicasin the environment

APG 122 - Evaluate several classes of chemicals suspected of 2004 ORD

being EDCs & determine potenciesin laboratory studies

APM | Report on whether exposure to dietary phytoestrogens will 2000 NCER
cause delayed neuro- and reproductive toxicity

APM | Report on analyss of adverse reproductive system effectsin 2001 NCER
human daughters from mother's exposure to halogenated
hydrocarbons (PBBS)

APM | Report on andysis of effects of methoxychlor and 2001 NCER

environmental estrogen receptor in ER knockout mice

APM | Determination of the mechanism(s) by which developmentd 2001 NHEERL
exposure to PCBs disrupts thyroid hormones to produce
ototoxicity, characterization of the effects of exposure to
mixtures of PHAHs and determination of whether non-AH
receptor mechanisms underlie the neurotoxicity of some
PHAHSs

APM | Identify the eiology of metabolic quinonesin mammeary 2001 NHEERL
cancer induced by EDCs

APM | Determine the influence of classes of EDCs on proliferation 2001 NHEERL
and gpoptosis in human mammary cedls

APM | Conduct in vivo studies to determine the dose and time 2001 NHEERL
response relationships between exposure to chlorotriazines,
dteraionsin the CNS and changesin pituitary hormone
secretion

APM | Evdudtion of the effect of chlorotriazineson theovulatory LH | 2001 NHEERL
surge and their potentid disruption of pregnancy
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APM | Report on andysis of the ability of phytoestrogens (at human 2002 NCER
intake levels) to dter the normd sexudly dimorphic
development of the brain, behavior, and neuroendocrine
control of reproduction in rats

APM | Report on mechanisms of haogenated aromatic hydrocarbon 2002 NCER
toxicity in birds
APM | Report on analysis of the antagonisms between the protective 2002 NCER

effects of endogenous steroid, progesterone, and the
endocrine disrupting effect of TCDD in the development of

endometrioss
APM | Report on effects of dioxins on ovarian function 2002 NCER
APM | Evduation of the effects of atrazine on the femde 2002 NHEERL

reproductive system following lactationd exposure

APM | Report on the effects of developmenta exposure to both 2002 NHEERL
gynthetic thyroid inhibitors and environmenta pollutants with
potentialy smilar thyroid activity on the ontogeny of learning
and memory in rodent modds

APM | Report on andysis of effects of PCBs on thyroid function in 2003 NCER
birdsin thelab and fidd

APM | Report on the effects of mixtures of dioxin-like chemicason 2003 NHEERL
220 development in the rat

APM | Report on dtered growth patternsin reproductive tissue in 2003 NHEERL
221 animals prenataly exposed to dioxin

APM | Report on methods to assess endocrine disruptorsin 2003 NHEERL
118 prepubertal femae rats

APM | Report on the effects of atrazine on the femae reproductive 2004 NHEERL
48 system following prepubertal exposure

APG 123 - Evaluate several classes of chemicals suspected of 2004 ORD
being EDCsin field studies & ascertain degreeto which they
adversely affect wildlife at the population level

APM | Report on the effects of EDCs on one or more wildlife 2001 NHEERL
populations in South Horida
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APM | Determine acute and chronic effects of retinoids on amphibian | 2001 NHEERL
development

APM | Report on analysis of the role of EDCs as a cause of shark 2002 NCER
infertility on Horidas Gulf Coast

APM | Report on analysis of the linkage between EDC exposurein 2002 NCER
dligators a the leve of the individua and population

APM | Report on andysis of the effects of EDC exposure in the fid 2002 NCER
and laboratory on immune system and host resstance in
dligators

APM | Report on andysis of the nature, extent, mechanisms by which | 2002 NCER

EDCs interfere with normal sexud development in fish

APM | Report on comparative andyssin mice, fish, birds, and frogs 2002 NCER
of the endocrine disrupting activities of PCBs and PAHs at
the molecular level (estrogen receptor) and at the tissue and

organ levels

APM | Report on whether environmenta exposure to EDCs has 2003 NCER
caused developmenta abnormditiesin frogs and the
mechanisms for such effects

APM | Report on andysis of the effects of endosulfan and PAH 2003 NCER

photoactivation products a the molecular, cellular, organism,
and population levelsin 2 crustacean species

APM | Report on lab and field analysis of mechaniams by which 2003 NCER
tributyltin, done and in combination with 3
methylcholanthrene, causes pseudohermaphroditism in marine

gastropods

APM | Report on andysis of effects of PCBs on thyroid function in 2003 NCER
birdsin the lab and field

APM | Report on analysis of biomarkers of reproductive and larva 2003 NCER
functionsin fish to predict effects of EDCs on croaker
population dynamics

APM | Report on lab and fidd analysis of the effect of retinoids as 2003 NCER
inducers of abnormd limb development in frogs
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APM | Report on the sengtivity and reproducibility of an estrogen- 2004 NHEERL
49 respondve sheepshead minnow cDNA macroarray: field
gpplication and assessment

APG 118 - Determine critical biological factorsduring 2006 ORD
development resulting in toxicities later in life

APM | Report on effects of pre- and peri-natal exposures to PCBs 2001 NCER
on the metabolism of estrogens and androgens and on the
ability of methoxychlor to cause reproductive toxicity a
environmentaly relevant levels of exposure

APM | Report on andysis of the mogt sengitive developmenta stages | 2001 NCER
in birdsto EDCs
APM | Determination of the mechanism(s) by which developmentd 2001 NHEERL

exposure to PCBs disrupts thyroid hormones to produce
ototoxicity, characterization of the effects of exposure to
mixtures of PHAHs and determination of whether non-AH
receptor mechanisms underlie the neurotoxicity of some
PHAHSs

APM | Evdudion of toxicant-induced dterations in mammalian 2001 NHEERL
reproductive devel opment to compare dose response
relaionships, critical periods of exposure, in vivo tissue leves
of the active toxicant and in vivo and in vitro mechanisms of
action

APM | Determine whether GABA-A receptor activation playsarole 2001 NHEERL
in endocrine mediated developmenta neurotoxicity

APM | Evdudion of the effects of increasing serum prolactin levels 2001 NHEERL
in rats prior to puberty on laterd progtate inflammetion at 120
days of age

APM | Report on andysis of the ability of phytoestrogens (at human 2002 NCER
intake levels) to dter the norma sexudly dimorphic
development of the brain, behavior, and neuroendocrine
control of reproduction in rats

APM | Report on identification of the mogt critical Sagein thelife 2002 NCER
cycle of quail to the effects of endocrine disruptors
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APM | Report on effects of exposure to EDCs during early critical 2002 NCER
stages of embryonic development and the appearance of
progetic abnormditiesin laer life

APM | Report on effects of early developmental exposure to 2002 NCER
endocrine disrupting pesticides on reproductive function in
adults

APM | Development of a method to assess potentid health risks 2002 NHEERL
associated with exposure to EDCs which are developmental
toxicants

APM | Evduate dose metrics for developmenta toxicantsfor usein 2002 NHEERL
low dose extrapolations

APM | Evduation of the effects of atrazine on the femde 2002 NHEERL
reproductive system following lactationd exposure

APM | Examination of the effects of developmenta exposure to both 2002 NHEERL
gynthetic thyroid inhibitors and environmenta pollutants with
potentialy smilar thyroid activity on the ontogeny of learning
and memory in rodent modds

APM | Report on whether environmenta exposure to EDCs has 2003 NCER
caused developmenta abnormditiesin frogs and the
mechanisms for such effects

APM | Report on identification of effects of EDCs on prostate gland, 2003 NCER

testis development, and spermatogenesis

APM | Report on analysis of effects of low, environmentaly relevant 2003 NCER
exposure to EDCs during fetal development on prodtetic
growth a different stages of the life cycle

APM | Report on andysis of effects of adolescent exposure to 2003 NCER
methoxychlor in rhesus monkeys on subsequent reproductive,
immunologicd, brain, and skdetd function during puberty

APM | Report on analysis of effects of EDCs on growth factors and 2003 NCER
receptors that control grown and development of the testis

APM | Report on the effects of mixtures of dioxin-like chemicason 2003 NHEERL
220 development in the rat
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APM | (Further) Examination of the effects of developmentd 2003 NHEERL
exposure to both synthetic thyroid inhibitors and

environmenta pollutants with potentialy smilar thyroid activity
on the ontogeny of learning and memory in rodent models

APM | Report on atered growth patternsin reproductivetissuein 2003 NHEERL
221 | animds prenataly exposed to dioxin
APM | Report on the effects of atrazine on the male and femde 2003 NHEERL
225 reproductive system following developmenta exposure
APM | Report on criticd windows of exposure for dterationsin 2004 NHEERL
50 mammary gland development and lactationa function
APM | Report on the effects of atrazine on the femae reproductive 2004 NHEERL
51 system following prepuberta exposure.
APM | Report on the effects of arazine to modify mammary gland 2006 NHEERL
morphology when ddlivered during critica periods of
development
APG 124- Deter mine extent to which exposureto EDCs 2007 ORD
contributeto onset or increasein severity of diseases
APM | Characterization of environmental agents asrisk factorsin 2001 NCEA
human progtate

APM | Determination of the mechanism(s) by which developmentd 2001 NHEERL
exposure to PCBs disrupts thyroid hormones to produce
ototoxicity, characterization of the effects of exposure to
mixtures of PHAHs and determination of whether non-AH
receptor mechanisms underlie the neurotoxicity of some

PHAHSs
APM | Evdudion of the effects of increasing serum prolactin levels 2001 NHEERL
in rats prior to puberty on laterd prostate inflammeation at 120
days of age
APM | Report on mechanisms of EDCs in thyroid carcinogeness 2002 NCER
APM | Report on andysis of the antagonisms between the protective 2002 NCER

effects of endogenous steroid, progesterone, and the
endocrine disrupting effect of TCDD in the development of
endometrioss
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APM | Report on effects of dioxins on ovarian function 2002 NCER

APM | Evdudion of the effects of arazine on the femde 2002 NHEERL
reproductive system following lactationd exposure

APM | Examination of the effects of developmenta exposure to both 2002 NHEERL
gynthetic thyroid inhibitors and environmenta pollutants with
potentidly smilar thyroid activity on the ontogeny of learning
and memory in rodent modedls

APM | Report on the magnitude and nature of thyroid dterationsin 2003 NCER
relation to exposureto EDCs
APM | Report on effects of DES, genistein, bisphenol A on sperm 2003 NCER

counts and quality of the relationship between these endpoints
and changes in gene expression

APM | Report on effects of low, environmentaly relevant exposure 2003 NCER
to EDCs during fetdl development on progtatic growth at
different stages of the life cyde

APM | Report on the effects of developmenta exposure to both 2003 NHEERL
gynthetic thyroid inhibitors and environmenta pollutants with
potentidly smilar thyroid activity on the ontogeny of learning
and memory in rodent modedls

APM | Report on atered growth patternsin reproductive tissuein 2003 NHEERL
221 animals prenatally exposed to dioxin

APM | Report on the effects of atrazine on the femae reproductive 2004 NHEERL
52 system following prepuberta exposure.

APM | Report on the effects of arazine to modify mammary gland 2006 NHEERL
morphology when delivered during critica periods of
development

APG - Determine whether adver se developmental/ reproductive 2008 ORD

effectsare occurring in human populations

APM | Announce RFA soliciting research on multi-disciplinary human | 2000 NCER
studies demondirating quantitative relationships between
chemica exposures and manifestations of adverse effects on
reproductive development mediated via dterationsin the
endocrine system
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APM | Report on andyses of adverse reproductive system effectsin 2001 NCER
human daughters from mother's exposure to halogenated
hydrocarbons (PBBS)

APM | Report on epidemiology study on effects of organochlorines 2007 NCER
and PCBs exposures on endometriosis

APM | Report on epidemiology study on effects of early exposures 2007 NCER
to phthaates on breast and genitadia development in maes
and femdes

APM | Report on epidemiology study on effects of dioxinsonin 2008 NCER
utero and childhood exposures on male reproductive
development

APM | Report on epidemiology study on effects of gestationa and/or 2008 NCER
lactationd exposure to heptachlor on reproductive and
immune function

APM | Report on epidemiology study on effects of PBDEs on thyroid | 2008 NCER

APG - Characterize sources of exposure and environmental 2008 ORD
fates of EDCs

APM | Initiate follow-on children’s exposure study to 2002 NERL
37 characterize aggregate exposures for selected pesticides,

EDCs, and persistent pollutants (also in Safe Food and

Human Health MYPs)
APM | Peer-reviewed design for field study to evaluate protocols | 2002 NERL
34 for obtaining reliable data on children’s exposure to

pesticides, EDCs, and other persistent pollutants (also in
Safe Food and Human Health MYPs)

APM | Determine the extent to which combustion sources contribute 2002 NRMRL
to EDCsin the environment

APM | Determine the extent to which CAFOs contribute to EDCsin 2002 NRMRL
the environment

APM | By 2003, complete field monitoring study (CTEPP) to 2003 NERL

30 eva uate aggregate exposures of 260 young children in their
homes and daycare centers to persistent organic pollutants
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APM | Interimreport on applicator exposuresto pesticidesinthe | 2003 NERL
23 Agricultural Health Sudy (also in Safe Communities)
APM | Submit apaper on emissons of EDC compounds from 2003 NRMRL
combustion sources to support ORD efforts to further
characterize and manage EDC risks
APM | Announce RFA soliciting research to characterize exposures 2004 NCER

to EDCs and determine the effects of low, ambient leve
exposuresto EDCs

APM | Determine the extent of exposure to key ecosystemsto 2004 NERL
selected antibiotics derived from CAFOs in the Neuse River
Badn

APM | Vitdlogenin gene expression in minnows and Pearl Dacefrom | 2004 NERL

273 control and dosed lakes in Canadian Experimental Lake area

APM | Useof minnow vitelogenin gene expresson methods for 2004 NERL
272 monitoring and detection of estrogenicity from PCB
contamingtion in Lake Hartwell

APM | Homeostasis disruption: unforeseen effects of PPCPsin 2004 NERL
280 | the environment (also in Drinking Water MYP)

APM | Analysis of aggregate exposures to young children in their | 2004 NERL
218 homes and daycare centers to persistent organic
pollutants (includes pesticides, EDCs, and other persistent
organic compounds) (also in Safe Food and Human

Health MYPs)
APM | Analysis of children studies’ results to identify key 2004 NERL
229 uncertainties and critical data gaps (also in Safe Food

and Human Health MYPs)
APM | Analysis of the farm applicator and family exposure 2004 NERL

217 results from the Agricultural Health Sudy (also in Safe
Communities MYP)

APM | Report on the androgenic characteristics of products from 2004 NRMRL
biomass combustion
APM | Report on potential of swine CAFOs to contribute EDCs 2004 NRMRL

to groundwater (also in Water Quality MYP)
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APM | Transfer of molecular diagnostic indicator technology to 5 2005 NERL
EPA Regiond |aboratories

APM | Report on regional scale studies of molecular diagnostic 2005 NERL
indicatorsin fish from water sheds in the Midwestern
United Sates (also in Ecosystem Protection MYP)

APM | Complete field measurements of aggregate exposures of 2006 NERL
infants and toddlers to pesticides, EDCs, and other
environmenta contaminants

APM | Implementation of integrated ecol ogica/human exposure field 2006 NERL
measurements study

APM | Report on emisson factors for androgenic EDCs from 2006 NRMRL
biomass sources

APM | Provide ORD and OPPTS with summary workshop 2007 NERL

recommendations for the key objectives and design criteria
for an integrated ecologica and human exposure fied study

APM | Analysis of aggregate exposures of infants and toddlersin | 2007 NERL
homes to pesticides and other environmental
contaminants. (also in Safe Food MYP)

APM | Assessment of key factors influencing aggregate 2008 NERL
exposures of young children in one or two cohorts along
the US/Mexico border (also in Human Health MYP)

APM | Report from NCER/NERL EDC exposure study 2008 NERL

APM | Report on analysis of National Children’s Sudy exposure 2008 NERL
data and relationships to health and stressor data (also in NCEA
Safe Food and Human Health MYPs) NHEERL

APM | Report on esimation of overal contribution of androgenic 2008 NRMRL

activity to the environment by combustion sources

Shading denotes APG and associated APMs appear in multiple LTGs
Italics denotes APM appearsin multiple MY Ps
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TABLE 3.

LONG TERM GOAL 3. Support EPA’s Screening and Testing Program

ANNUAL PERFORMANCE GOALSAND MEASURES YEAR LAB/
CENTER

APG - Evaluate existing testing guidelinesfor their adequacy to | 2001 ORD

evaluate endocrine-mediate effects

APM | Evauate multi-generation reproductive test guiddiinefor usein | 2001 NHEERL

Tier 1 testing of potential EDCs

APG - Develop standardized protocols for screening chemicals 2006 ORD

for their potential endocrine-mediated effects to meet FQPA

requirements

APM | Report on the development of an in vitro test system and 2000 NCER

markers of action for xenoestrogens during spermatogeness

APM | Determine the molecular basis for the anti-androgenic effects 2000 NHEERL
of some endocrine active environmenta chemicas by
examining therr ability to bind AR, induce nuclear AR import
and inhibit AR-mediated transactivation and subsequent AR-
DNA binding

APM | Comparison of the results of severd in vitro estrogen 2000 NHEERL
agonis/antagonist assays to results obtained in vivo in an
assay that assesses the ability of a compound to induce
estrogen responses in uterus, vaginaand brain.

APM | Report on development of a biologica model (fish) for 2001 NCER
viewing tissue and organ specific changes in gene expresson
caused by EDCs

APM | Report on vdidation of anima mode (fish) for detecting 2001 NCER
EDCs

APM | Report on development of in vitro test system (shark testis) 2001 NCER

for effects of EDCs on spermatogeness

APM | Determine whether GABA-A receptor activation playsarole 2001 NHEERL
in endocrine mediated developmenta neurotoxicity
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APM | Develop three of the short term mammélian in vivo tests 2001 NHEERL
recommended by the EDSTAC,; the Hershberger and the
male and female pubertal assays.

APM | Report on development of an anima modd (fish) for 2002 NCER
screening suspected EDCs

APM | Report on development of QSAR based models for 2002 NCER
predicting in vivo and in vitro endocrine disrupting effects of
gynthetic chemicds

APM | Develop an understanding of the relationship between 2002 NHEERL
molecular structure and effects on the estrogen receptor

APM | Develop ashort-term reproductive assay with the fathead 2002 NHEERL
minnow to address a recommendation of the EDSTAC

APM | Develop atail resorption assay with Xenopus to address a 2002 NHEERL
recommendation of the EDSTAC

APM | Deveopment of abiomarker that incorporates utilization of a 2002 NHEERL

complex developmenta process (metamorphosis) critica to
the completion of the life cyde of previoudy identified
xenobiotic sengtive populations in the marine environment
(crustaceans)

APM | Report on the use of short-term screens for thyroid hormone 2003 NHEERL
115 disruptors

APM | Report on the binding of chemicas from sdlected classes of 2003 NHEERL
121 environmenta agents to proteinsin the thyroid hormone
sysem

APM | Report on the validation of the Hershberger Assay for use by 2003 NHEERL
224 | OECD

APM | Report on integrated in vitro methods and QSAR modds 2003 NHEERL
109 using 3-D molecular descriptors for chemica prioritization

and ranking for EDCs
APM | Report on stable cell lines expressng androgen and estrogen 2003 NHEERL
223 receptors, together with respective complex promoter

luciferase reporters
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APM | Report on comparison of in vitro and ex vivo systemsfor 2005 NHEERL
identifying the effect of environmental chemicason
geroidogenesis

APM | Report on sandardization of short-term mammadian in vivo 2005 NHEERL

test recommended by EDSTAC

APM | Report on standardization of an in vitro test to examine the 2006 NHEERL
effect of environmental chemicals on the androgen receptor
using transfected cel lines

APG - Identify key risk assessment issues and develop 2006
guidance for assessing endocrine disruptors

APM | Complete one case study resulting in integrated human hedlth 2001 NCEA
and ecologica assessments for selected classes of EDCs

APM | Produce aworkshop report for the EDSTAC screening 2001 NCEA
process for EDCs and determine gpplication of EDSTAC
testing program for chemical hazard and risk assessment

APM | Framework for conducting human hedlth and ecologica dose- | 2004 NCEA
response assessments for classes of EDCs at environmentally
relevant concentrations

APM | Deveop an integrated health and ecological risk assessment 2006 NCEA
guiddline for EDCs

APG - Develop standardized protocols for testing chemicals for 2008 ORD

their potential endocrine-mediated effectsto meet FQPA

requirements

APM | Report on method to assess potential hedlth risks associated 2002 NHEERL
with exposure to EDCs which are developmental toxicants

APM | Develop ashort-term reproductive assay with the fathead 2002 NHEERL
minnow to address a recommendation of the EDSTAC

APM | Report on tail resorption assay with Xenopus to address a 2002 NHEERL
recommendation of the EDSTAC
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APM | Report on field validation of laboratory-based diagnostic 2002 NHEERL
measurements indicative of exposure to estrogenic

compounds, plasmalevels of vitelogenin, brain aromatase
level and activity and liver induction of vitelogenin mRNA.

APM | Report on the use of short-term screen for thyroid hormone 2003 NHEERL

115 disruptors

APM | Provide areview of the one-generation study comparing two 2005 NHEERL
anti-androgens

APM | Produce one standardize protocol for in utero/lactational 2007 NHEERL
assay and evauate its utility using one prototypic endocrine-
disrupting chemicd

APM | Report on the cumulative risk of reproductive toxicants 2008 NHEERL

following in utero exposure using in vivo testing protocols

APG - Provide at least one computational model for assessing 2008
endocrine disruptor compounds

APM | Announce RFA for the development of HTPS for prioritizing 2003 NCER
chemicals for testing for potentia endocrine disruption

APM | Announce RFA for incorporation of computational methods, 2003 NCER
through the use of systems biology approaches, in hazard
identification and risk assessment

APM | Report on the linkage of genomics-driven exposure indicators | 2005
to effectsin fish exposed to androgenic compounds

APM | Report on roles of pharmacokinetic and pharmacodynamic 2005
factorsin dose-response and relative potency for compounds
with endocrine activity using computationa methodologies

APM | Evduae onein vitro technique for assessment of 2005 NHEERL
geroidogenesis

APM | Publish database on binding affinities of chemicdsfor the 2005 NHEERL
estrogen receptor
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APM | Report on the use of computationa techniques to evauate 2006 NHEERL
endocrine disruptor effects on GnRH

APM | Egablish database for non-pesticide chemicas from industrid 2006 NHEERL
sources to develop and refine amode for intergpecies
extragpolation

APM | Report on a high throughput zebrafish embryo gene 2007 NCER
expresson system for screening EDCs

APM | Report on amechanistic agpproach to screening chemicas and 2007 NCER
mixtures for endocrine activity using an invertebrate model

APM | Report on development and gpplication of a bioluminescent 2007 NCER
yeadt-reporter system for screening chemicas for estrogenic
and androgenic effects

APM | Report on developing high throughput screening approaches 2007 NCER
for prioritizing chemicals for the EDSP

APM | Egablish database for inorganic chemicas from industria 2007 NHEERL
sources to develop and refine amodd for interspecies
extrapolation

APM | Report on molecular endpoints to be used in extragpolation 2008 NHEERL
models of effects of industria chemicasin fish

Shading denotes APG and associated APMs appear in multiple LTGs
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FIGURE 1
Linkage and Timeline for APGsto Meet Long Term Goal 1
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FIGURE 2
Linkage and Timeline for APGsto Meet Long Term Goal 2
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FIGURE 3
Linkage and Timeline for APGsto Meet Long Term Goal 3
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Figure 4. Endocrine Disruptors Research Program
Design Logic Model
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